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ARMAS VARTIAINEN 


On the fiftieth birthday of Armas Vartiainen it may be well 
to recall some of the principal events of his life. This mainly for 
the interest of readers abroad; for Finnish readers it would hardly 
be necessary because his name is closely connected with almost 
every aspect of Finnish pharmacology. 

Armas Vartiainen was born on March 19, 1901. He became a 
licenciate in medicine in 1927, His capacity for scientific research 
became early apparent, and his first scientific articles were 
published when he was a medical graduate. In 1929 he published 
his doctoral dissertation, a comprehensive treatise on the heart- 
specific glycosides of Convallaria majalis. Two years later the was 
appointed Docent in Pharmacolcgy in the University of Helsinki. 
He .paid a number of visits to other countries for purposes of 
study. A fellowship of the Rockefeller Foundation took him to 
the National Institute for. Medical Research, where he worked 
under Sir Henry Dale. This brought him into contact with a number 
of leading scientists in the field; these personal contacts proved 
particularly fruitful. In the years that followed Armas Vartiainen 
published a remarkable series of reports, some of the most 
important in collaboration with W. Feldberg. The report concern- 
ing ganglionic function in the autonomic nervous system is of 
fundamental importance for our present conception of the matter. 
In recent times Vartiainen has concentrated mainly on problems 
pertaining to ergot alkaloids and histamine. 

In 1945 Armas Vartiainen was appointed Associate Professor 
of Pharmacology in the University of Helsinki; in 1950 he succeeded 
the late Yrj6 Airila as the holder of the permanent chair of Phar- 
macology. As a university teacher Vartiainen has been at the 
focus of Finnish pharmacology in an important period of its devel- 
opment, for it has to be borne in mind that there was no separate 
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university chair of pharmacology in Finland until 1921. His critical 
judgment and his sound personality have won for him the absolute 
confidence of his students. As a result of this, a distinct school 
is now emerging in Finland in this field of medical research. 

Armas Vartiainen has also done his share in the service of 
practical medicine as a holder of certain responsible posts in the 
largest pharmaceutical manufacturing house in Finland. Many 
public and social institutions have likewise profited by his wide 
and expert knowledge of drugs. 

Armas Vartiainen is in the editorial panel of many Finnish and 
foreign medical periodicals and on the councils of several medical 
associations. He is the representative of Finland in the Scandi- 
navian pharmacopeial committee (Nordisk Farmakopénaevn). 

At the age of fifty, a scientist is still looked upon as a com- 
paratively young man. Considering this, it must be admitted 
that the scope of work done by Armas Vartiainen as a scientist and 
university teacher, as well as in practical life, is impressive. The 
value of his achievements is enhanced by the fact that in Finland 
scientific work, particularly experimental research, is carried out 
under particularly difficult conditions. 


PENTTI PELTOLA. 
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FROM THE DEPARTMENT OF PHARMACOLOGY, UNIVERSITY OF HELSINKI 


EFFECT OF ADRENALINE ON THE ABSORPTION AND 
TOXICITY OF PANTOCAINE 


By 
LAURI ARO and OSMO VARTIAINEN 


(Received for publication September 28, 1950) 


Braun (2) found that the effect of local anesthetics could be 
considerably increased by adding adrenaline to them. Retardation 
of absorption thus achieved means that smaller quantities of 
anesthetic are required, which reduces the danger of poisoning. 

Cocaine is the only local anesthetic which in combination with 
adrenaline brings about local vasoconstriction (5). All other known 
local anesthetics have an antagonistic action to adrenaline, i.e., 
produce vasodilatation to some extent. The vasodilative action of 
pantocaine is weaker than that of procaine, and weak also in com- 
parison with its effect as a local anesthetic (6). 

Braun (2) thought that the effect of adrenaline on local anesthe- 
tics was due to its local vasoconstrictive and thus absorption-retard- 
ing property. Esch (4), Schoff (9), and Sollmann (10), however, 
assumed that the effect was probably not due to the local vasocon- 
strictive action of adrenaline alone and that the drug has some 
sort of potentiating effect on the anesthétic itself. 

It has long been known that particularly persons who are hyper- 
sensitive to adrenaline, such as those suffering from thyrotoxicosis, 
easily respond to the toxic actions of local anesthetic ‘drugs. A large 
number of reports have been published on fatal cases of cocaine 
poisoning in which the action of this drug has evidently been sen- 
sitised by adrenaline. 
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Surface anesthesia applied to the respiratory tract often requires 
considerable quantities of anesthetics. As to adrenaline, which 
in surface anesthesia is always added to the anesthetic solution, the 
current handbooks of anesthesiology give no clear instructions of 
the use of this drug in combination with local anesthetics. Nielsen (7) 
writes that 1.5 mg of adrenaline sprayed onto the mucous mem- 
branes of the respiratory tract produces untoward reactions in 
asthmatic persons, and Evans (3) recommends the addition of 
approximately one-third of adrenaline to a 1: 1000 anesthetic solu- 
tion. 

In order to study the effect of adrenaline on the absorption of 
local anesthetics, in the first place of pantocaine, the writers of the 
present report carried out a number of experiments on frogs kept 
in pantocaine solutions containing adrenaline. White mice were 
used for testing the effect of adrenaline on pantocaine absorption; 
the adrenaline was administrered to the mice in combination with 
pantocaine for determining the lethal dose. On the other hand, the 
effect of adrenaline to the lethal dose of pantocaine was studied 
by injecting the adrenaline in varying sites of the body of the 
mouse. 

According to the literature, the frog has a marked resistance to 
adrenaline, to judge by the lethal dose of this drug. Battelli and 
Farramassio (1) found that this was 50 g injected subcutaneously 
into the abdominal lymph sac. In mice, the lethal dose of panto- 
caine in subcutaneous injection is 45—50 g per kg of body 
weight, according to Fussgangler and Schaumann (6). 


TECHNIQUE 


The following technique was applied to the experiments with 
frogs: The frogs were put, in batches of 20 frogs, into a glass vessel 
containing half a litre of 0.5 per cent pantocaine solution. The 
size of the container was so calculated that the solution was suffi- 
cient for covering all the frogs. Since the frogs moved all the time, 
with the pantocaine increasing the need for moving and even produ- 
cing convulsions, the whole surface of each frog remained wet with 
the solutioa, so that their whole surface was engaged on absorbing 
pantocaine. The time needed for killing the frogs was determined 
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by taking a pair of frogs out of the solution at regular intervals and 
placing them into bowls filled with fresh water. Dead individuals 
were counted after two days. A 0.5 per cent pantocaine solution 
proved to be the most suitable for the purpose, for in weaker 
solutions the time required for killing the frog was so long that 
the effect of adrenaline disappeared, while in stronger solutions 
the time differences were too small. The results in the various series 
when the same concentration was used showed differences of 
less than 5 per cent; small variations in body weight did not affect 
the results when frogs of 25 to 30 g were used. 

In a number of tests increasing quantities of adrenaline were 
added to a 0.5 per cent pantocaine solution and the results were 
read in the manner described above. The amount of adrenaline 
needed was weighed dry and dissolved in a small quantity of 
weak hydrochloride solution, which was then added to the panto- 
caine solution just before the test. A number of frogs were given, 
in subcutaneuus injections into the abdominal lymph sac, varying 
doses of adrenaline before they were put into the pantocaine solu- 
tion. The doses of adrenaline used in the tests will be seen from 
Table 1. Besides, a number of control tests were performed. The 
median lethal dose of adrenaline was determined and the effect of 
pure adrenaline bath on frogs was studied. 

The lethal dose of pantocaine was determined subcutaneously 
on mice. The lethal dose of pantocaine was also determined in 
combination with adrenaline, both when adrenaline was adminis- 
tered in the pantocaine solution and when it was administered 
separately. The doses will be seen from Table 1. In order to avoid 
great differences in the volumes of the fluids injected varying con- 
centrations were used. 


RESULTS AND DISCUSSION 


The median lethal dose of adrenaline was found to be 10—12 mg 
per frog (30 g). It was also found that when the frogs were kept 
in a strong adrenaline solution (even of 1: 1000), this was not suf- 
ficient to kill them, the adrenaline being broken down relatively 
quickly. Table 1 shows the effect of adrenaline on the absorption 
of pantocaine in frogs. 
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Fig. 1. — Time required for killing frogs kept in 0.5 per cent solution of pan- 
tocaine and then placed in fresh water, and the effect of varying quantities of 
adrenaline added to the solution on the time required for killing the frogs. 


The subcutaneous lethal dose of pantocaine determined on the 
mouse was 60 to 65 mg per kg of body weight. Table 1 shows the 
effect of adrenaline on the lethal dose of pantocaine both when 
administered separately and in combination with pantocaine. 

The greatest retardation in the appearance of toxic symptoms 
in frogs kept in pantocaine solution was caused by the use of adrena- 
line in a concentration of 1: 20000. When weaker or stronger con- 
centrations were used, toxic symptoms appeared sooner; with the 
concentrations of 1: 1000 and 1: 100000 the effect was nearly the 
same as with pantocaine alone. When adrenaline was injected into the 
abdominal lymph sac of a frog, which was then put into a pan- 
tocaine solution, the time needed for killing the frog shortened as 
the adrenaline concentration increased, even when adrenaline 
concentrations were used which as such could not nearly cause death. 
That this had to be ascribed to the toxicity-increasing property of 
adrenaline was obvious from the fact that the time needed for 
killing the frog was not notably lengthened when the adrenaline 
was administered twenty-four hours earlier, in which case it was 
certainly destroyed. Experiments on mice showed that adrenaline 
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Fig. 2. — Time required for killing frogs kept in 0.5 per cent pantocaine solu- 
tion and then placed in fresh water. Effect of varying doses of adrenaline 
injected subcutaneously at different times. 


considerably decreased the lethal dose of pantocaine when the 
drugs were injected separately. The doses of adrenaline used were 
large, but remarkably smaller than the lethal dose, 7 y per g of body 
weight, determined by Peltola (8) on the same strain of mice. The 
lethal dose of the adrenaline-pantocaine mixture decreased, too, as 
the adrenaline content of the mixture rose above or fell below a cer- 
tain level. The lethal dose was largest when the pantocaine solution 
contained 1 y of adrenaline per g of body weight; it was twice the 
lethal dose of pure pantocaine. In this connection, reference is made 
to Peltola’s investigation; he found that when thyroid pewder was 
administered to mice, the lethal dose of adrenaline fell down to 1 y 
per g of body weight. It is probable that with persons suffering 
from thyrotoxicosis the lethal dose of the adrenaline-pantocaine 
mixture is likewise reduced. The optimal dose of adrenaline must 
in such cases be considerably smaller than normal. 

The investigation described in the preceding shows that in 
pantocaine-adrenaline mixtures there exists an optimal adrenaline 
level a deviation from which reduces the lethal dose, i.e., increases 
the toxicity of the mixture. As the adrenaline content increases, the 
toxicity of this drug becomes obvious, although there cannot be 
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TABLE 1 


EFFECT OF SUBCUTANEOUS INJECTION OF ADRENALINE ON THE LETHAL DOSE 
OF PANTOCAINE IN MICE 
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1 Lethal dose of adrenaline when used alone is 7 y per g of body weight. 
2 Lethal dose of pantocaine when used alone is 60—65 y per g of body 
weight. 


said to be any potentiation of pantocaine, as has been noted in 
the case of cocaine. In applying local adrenaline-pantocaine anesthe- 
sia to hypersensitive persons the dosage of adrenaline requires 
particular caution. 


SUMMARY 


The writers have studied the effect of adrenaline on the absorp- 
tion and toxicity of pantocaine in frogs and mice and found that 
there is an optimal adrenaline level a deviation from which in either 
direction adds to the toxicity of pantocaine. 
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FROM THE DEPARTMENT OF PHARMACOLOGY, UNIVERSITY OF HELSINKI 


EFFECT OF HISTAMINE ON BLOOD PRESSURE IN 
ANESTHETISED RABBITS 


WITH SPECIAL REFERENCE TO THE INFLUENCE OF THE ADRENAL 
GLANDS AND DIHYDROERGOTAMINE! ON HISTAMINE REACTION 


By 


DANIEL ECKERT and OSMO VARTIAINEN 


(Received for publication September 18, 1950) 


Histamine acts upon the blood-vascular system in a variety of 
ways. The character and intensity of its effect upon blood pressure, 
for instance, varies according to the experimental animal and 
anesthetic used. Histamine may have a vasoconstrictive or a vaso- 
dilative effect. The vasodilative effect was demonstrated on cats by 
Dale and Laidlaw in 1910. They ascribed the fall noted in the blood 
pressure after the administration of small amounts of histamine 
to the diiative action of histamine on peripheral blood vessels. In 
isolated extremities of the cat perfused with blood histamine pro- 
duces either vasoconstriction or vasodilatation (4, 8). Meier and 
Bucher (30) noted vasoconstriction in an isolated and blood-per- 
fused lower extremity of the rabbit; this effect was nullified by 
2-phenyl-benzylaminoethyl-imidazoline (Antistin, Ciba). Capillary 
and arteriolar dilatation caused by histamine in the human skin 
was first described by Eppinger (10) and later by others (36, 7, 25, 
11). When all vasomotor nerves in one ear of a rabbit are cut and 
0.03 mg of histamine is injected into the other ear, the central artery 
and the larger arterial branches in the ear in which the nerves have 
been cut are constricted, while the skin reddens between visible 
blood vessels ((11, 13, 17). On using a local effect of histamine on 


1Qur thanks are due to Messrs. Sandoz AG. for kindly supplying us with 
dihydroergotamine. 
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a rabbit ear Grant (16) noted constriction of arterioles and dilatation 
of arteriovenous anastomoses. Hooker (20) found that capillaries 
and venules in the ear of a cat anesthetised with ether were dilated 
by histamine action. Observations made by Dale and Richards (7) 
speak for the view that histamine is a powerful vasodilator of the 
striated muscles. Vasodilatation occurs everywhere in the syste- 
mic circulation; it involves the blood vessels of the conjunctiva, 
brain, viscera, submaxillary glands, and pancreas, and the branches 


of the hepatic artery (12, 3). An exception is the rabbit, in which, . 


with the exception of the capillaries, histamine invariably produces 
vasoconstriction, as shown by perfusion tests (26). 

The character and depth of anesthesia play a decisive réle in 
the histamine-produced alterations in the tonus of the blood vessels 
and the blood pressure of the rabbit. This is due to the fact that the 
effects of histamine on bluod pressure are essentially dependent 
upon factors on which anesthesia acts in various ways. The hista- 
mine-produced fall in the blood pressure of an anesthetised rabbit 
is due to bronchiolar constriction and vasoconstriction in the pul- 
monary and vasodilatation in the systemic circulation. Dilatation 
of the capillaries may also produce a fall in blood pressure (6, 11). 
In an unanesthetised or only lightly anesthetised rabbit histamine 
acts in the first place on the bronchial muscles and on pulmonary 
circulation and small doses of histamine are sufficient to produce 
a sudden, sometimes even fatal, fall in the blood pressure. Vaso- 
constriction in the lungs (21) produces difficulties in the pulmonary 
circulation; bronchial constriction makes breathing difficult and 
lowers intratracheal pressure, which leads to dilatation of the heart 
and eventually to cardiac exhaustion. The action of histamine on 
the bronchi is eliminated under deeper anesthesia, and the action of 
histamine on blood pressure is dependent upon changes in the 
systemic circulation. In such cases a fall in the blood pressure is 
due to the dilatation of the blood vessels, in the first place of the 
veins (22), and a rise due to vasoconstriction. Small quantities of 
histamine (under 0.10 mg) produce no alterations in the blood 
pressure of a rabbit under deep anesthesia, while large doses (0.15 
to 1 mg) raise it (6). Dale and Laidlaw (6) and Feldberg (11) found 
that histamine often had a lowering effect on blood pressure in 
light anesthesia. In urethane anesthesia injection of histamine is 
first followed by a rise in blood pressure, which is then reduced to a 
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level lower than normal, to return slowly to the initial level (12). 
The response is similar to that taking place in an unanesthetised 
rabbit. In a rabbit under chloralose anesthesia the histamine-pro- 
duced fall in the blood pressure is due in the first place to dilatation 
of the capillaries. In decerebrated rabbits histamine produces a fall 
in the blood pressure similar to that noted in cats, In such cases, 
according to Feldberg (11), the fall in blood pressure is due to 
vasoconstriction in the pulmonary and vasodilatation in the 
systemic circulation. Dale and Laidlaw showed in 1910 that rise in 
blood pressure following intravenous injection of histamine caused 
a marked decrease in the volume of the bowels through intestinal 
vasoconstriction. Rolandi Ricci (32), on the other hand, on opening 
unanesthetised rabbits which had died following subcutaneous 
histamine injection, found dilatation of blood vessels in the gastric 
wall and large blood infiltrations in the mucosa and submucosa. 
Of certain interest is the observation made by Burn and Dale (4) 
that in a cat from which the stomach and the intestines, or the 
liver, have been removed histamine raises blood pressure. 

Results obtained by several investigators suggest a correlation 
between the adrenal gland and histamine action. Special attention 
has been paid to the relations between histamine and adrenaline. 
Dale and Richards (7) showed that histamine and adrenaline had 
an antagonistic effect on the capillaries. When the superior cer- 
vical ganglion of the cat is removed, the pupil which is nearer to the 
ganglion is sensitised to adrenaline. Dale (5) found that the pupil 
of a cat similarly. treated was dilated by histamine action .and 
inferred that histainine stimulated the secretion of adrenaline. 
Kellaway and Cowell (23) gave support to Dale’s theory by showing 
that histamine caused no dilatation of the pupil if the adrenal 
glands were removed. Hogben, Schlapp, and Macdonald (19) found 
that in a decerebrated cat histamine (0.01 mg) did not always 
cause a fall in blood pressure and that sometimes a slight initial 
fall was followed by a marked temporary rise in blood pressure. 
According to Burn and Dale (4), as has been stated above, this 
readily happens when the stomach and the intestines or the liver 
has been removed. They believed that in such a case the rise in 
blood pressure was due to histamine-produced stimulation in the 
secretion of adrenaline. According to Alexit (1), however, the 
administration of a large dose of histamine to a cat causes a rise in 
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blood pressure which cannot be ascribed to the secretion of adrena- 
line because a similar rise can be noted in a cat from which the 
adrenal glands have been removed. Burn and Dale (4) ascribed 
adrenaline-produced fall in blood pressure to histaminemia, Later, 
however, Dale and Richards (8) showed that adrenaline-produced 
fall in blood pressure was ascribable to the vasodilative effect of 
adrenaline. Flatow and Morimoto (14), who performed experiments 
on dogs, came to the same conclusion. Szczygielski (38) found that 
histamine injected into the stump of the celiac artery in eviscerated 
cats and rabbits increased blood pressure in the cat but not in the 
rabbit. MacKay (27) demonstrated the antagonistic effect of 
histamine and adrenaline in the salivary glands. Eichler and Bar- 
fuss (9) found that adrenaline produced histaminemia in the cat. 
The same phenomenon was noted by Staub and Bauer (37) in man 
and the rabbit after the injection of adrenaline or oxedrine (syn- 
ephrine). Adrenaline, but not noradrenaline, was found by West 
(39) to lower blood pressure when injected into the artery leading 
to the caudal part of the spleen; this decrease, he thought, was 
probably due to the liberation of histamine. The hyperglycemia 
which appears after histamine injection is not due to the increased 
secretion of adrenaline but to the irritation of the vagus nerve en- 
dings in the liver (24), 

Sensitisation to histamine in animals from which the adrenal 
glands are removed was first demonstrated by Dale (5), and several 
subsequent investigators have corroborated this. The question 
whether the sensitisation of histamine action after the removal 
of the adrenal glands is due to the absence of the cortex or the 
medulla remains open. Wyman (40) and Marmorston-Gottesmann 
and Perla (28) thought that it was the absence of the cortical hor- 
mone of the adrenal gland that was responsible for the sensitisation 
to histamine. Kellaway and Cowell (23) showed that both the 
cortex and medulla of the adrenal gland played a part in the main- 
tenance of histamine resistance. Adrenaline, when administered 
to rats 2 to 24 hours prior to the injection of histamine has been 
showed to protect from histamine poisoning those individuals from 
which the adrenal glands have been removed (31). It is also worthy 
of note that in young rats which for some time have received hista- 
mine the weight of the adrenal gland increases (29). 

Studies on the effect of sympathicolytics on histamine reac- 
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tions are interesting from the point of view of the adrenaline-hista- 
mine antagonism. According to Ganter and Schretzenmayer (15) 
ergotoxine causes no alterations in the histamine-produced blood 
pressure response, while ergotamine may have a slightly sensitising 
effect on it. In the dog, ergotamine causes sensitisation to histamine 
to such an extent that one or two mg of histamine per kg of body 
weight is sufficient to produce a fatal shock, while in normal dogs 
the lethal dose of histamine is ca. 10 mg per kg of body weight (35). 


OWN INVESTIGATIONS 


Since the present writers came across no reports on the signif- 
icance of the splanchnic region in the blood pressure response 
produced by histamine in the rabbit and since there seemed to be 
ample reason for assuming that the part played by the this region 
in the phenomenon was no less important in the rabbit than in the 
cat (4, 38), the writers carried out a series of tests in order to find 
out how far the blood pressure response produced by histamine in 
the rabbit was dependent on the blood circulation of this region. 

A number of preliminary tests were made to ascertain the effect 
of histamine on the blood pressure of normal rabbits under urethane 
or ether anesthesia. The blood pressure was determined from the 
carotid artery, and the histamine was injected into the jugular vein. 
It was found that under urethane or light ether anesthesia the rab- 
bits gave a similar response on each occasion. The injection of the 
drug was first fo'lowed by a sudden rise in blood pressure, which 
then slowly fell considerably below the initial level, and then re- 
turned to normal (Figs. 1 A and 2 A). In a few cases there was a 
rapid fall in the blood pressure before it began to rise (Fig. 1 A). 
Feldberg (11) thought that this was caused by vasodilatation in the 
systemic circulation. 

In order to study the effect of histamine on the blood vessels 
of the splanchnic region the writers first removed the stomach and 
the intestines of the rabbits. In eight cases this produced a marked 
fall in the blood pressure, which remained at a subnormal level. 
As a rule, a rabbit received 15 to 20 mins. after evisceration the 
same dose of histamine as before the removal of the stomach and 
the intestines. Histamine was invariably found to cause a rise in the 
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Fig. 1. — Male rabbit weighing 2.4 kg, under urethane anesthesia. Blood 
pressure in the carotid artery measured by Hg manometer. (A) 0.1 mg of hista- U 
mine, (B) 0.05 mg, and (C) 0.1 mg of histamine injected after removal of liver 

and ligation of the portal blood vessels. Time: 10 secs. , 





Fig. 2. — Male rabbit weighing 2.2 kg, under urethane anesthesia. Blood 

pressure in the carotid artery measured by Hg manometer. (A) 0.1 mg of 

histamine before (B) 0.1 mg of histamine after removal of stomach and intes- 
tines. Time: 10 secs. 
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blood pressure, which soon passed off. Contrary to the cases where 
evisceration was not carried out, the rise in the blood pressure was 
never followed by a fall (Fig. 2). Likewise, the fall which in some 
cases was found to precede the rise never occurred in the eviscerated 
rabbits. Tests were also carried out on rabbits in which the liver 
was removed or the portal vein ligated. These measures (3 tests) 
were found to affect the histamine-produced alteration in blood 
pressure in the same way as did the removal of the stomach and 
the intestines, i.e., histamine now only caused a rise in the pressure 
(Fig. 1). In control tests in which the abdominal cavity was opened 
and the stomach and the intestines manipulated histamine effect 
was the same as in intact rabbits. This shows that the exclusion of 
the splanchnic region affects the histamine-produced changes in the 
blood pressure of rabbits in the same way as Burn and Dale (4) 
found it to affect similar changes in the cat. 

In order to study the correlation between the activity of the 
adrenal glands and the effect of histamine on blood pressure, the 
writers carried out a series of tests on rabbits from which the adre- 
nals were removed under ether or urethane anesthesia. In four cases 
out of seven the removal was satisfactory. In three cases the rab- 
bits proved somewhat more sensitive to histamine that usual. The 
mode of reaction also varied. Histamine was found to produce a 
rise in blood pressure in all the cases (Fig. 3). The rise was similar 
to the rise caused by histamine after the removal of the stomach 
and the intestines or of the liver. 

Earlier investigations and the above-described experiments 
led us to the study of the effect of dihydroergotamine (DHE San- 
doz) on the histamine-produced blood pressure reaction. DHE is an 
ergotamine derivative which decreases the tonus of the blood vessels 
and which has a peripheral adrenosympathicolytic action (33, 34). 
In anesthetised rabbits it produces a fall in blood pressure and 
slows down the pulse rate 33. 

In a series of nine tests, small doses of DHE (0.05 to 0.1 mg) sen- 
sitised the effect of histamine on the blood pressure of rabbits 
under urethane anesthesia. In five cases there was a sensitisation 
of the histamine-produced rise and of the following fall (Fig. 4 
A and B). A large dose of DHE (1 mg) sensitised the rise in the 
blood pressure, but the rise was not followed by a fall to a 
subnormal level (Fig. 4 C). The effect of histamine after the 


2 — Ann. Med. Exper. Fenn. Vol. 29. Fasc. 1. 
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Fig. 4. — Female rabbit weighing 2.5 kg, under urethane anesthesia. Blood 
pressure in the carotid artery measured by Hg manometer. (A), (B), and (C) 
0.1 mg of histamine. Administration of 0.1 mg of dihydroergotamine between 
(A) and (B), of 1 mg of dihydroergotamine between (B) and (C) Time: 10 secs. 








i Fig. 5. — Male rabbit weighing 2.0 kg, under urethane anesthesia. Blood 
pressure in the carotid artery measured by Hg manometer. | 0.05 mg of 
histamine. Administration of 1 mg of dihydroergotamine 3 mins. prior to in- 

jection of histamine. Time: 10 secs. 
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administration of a large dose of DHE is thus similar to that 
produced in rabbits in which the adrenal glands have been removed 
or the blood vessels of the splanchnic region ligated. A series 
of three tests showed that after the administration of a large dose 
of DHE the effect of histamine on blood pressure was sensitised 
in rabbits whose intestines and stomach, or liver, had been re- 
moved. — In a few cases histamine, after the administration of 
a large dose of DHE, produced a very persistent rise in blood 
pressure even in doses of 0.05 mg, which were not found to have 
any notable effect on blood pressure before the administration of 
DHE (Fig. 5). In eviscerated rabbits a dose of histamine which 
alone had little effect rapidly caused death after the administra- 


tion of DHE. 


COMMENT AND SUMMARY 


A study of the effect of histamine on the blood pressure mea- 
sured from the carotid artery of a rabbit under light urethane or 
ether anesthesia showed that this drug, when injected into the 
jugular vein in doses of 0.1 to 0.25 mg, produced — independent 
of the anesthetic used — first a rise in the blood pressure and 
then a more gradual fall to a subnormal level which passed off 
slowly. Removal of the stomach and the intestines or ligation of the 
portal vein and removal of the liver caused alterations in the hista- 
mine-produced blood pressure response. The fall following the 
rise in blood pressure did not take place, and after the rise the 
blood pressure returned to the initial level. This was exactly what 
Burn and Dale (4) found to take place in eviscerated cats. An effect 
on the histamine-produced blood pressure response similar to that of 
the ligation of the splanchnic blood vessels was noted after the 
removal of the adrenal glands. In this case, too, the rise was followed 
by no fall. After the administration of a larger dose (1 mg) of 
dihydroergotamine the fall in the blood pressure did not occur, but 
the rise was somewhat sensitised both in normal and eviscerated 
rabbits. After the administration of a smaller (0.5 to 0.1 mg) dose 
of dihydroergotamine the effect of histamine was often clearly 
sensitised so that both the rise and the fall in the blood pressure 
were more marked. In a few cases the sensitisation of histamine 
effect by dihydroergotamine was so marked that even such a small 
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amount of histamine as did not have any notable effect on blood 
pressure in normal circumstances caused a marked rise after the 
administration of dihydroergotamine. 

It seems, thus, that the histamine-produced fall in the blood 
pressure of an anesthetised rabbit cannot be ascribed to a contrac- 
tion of the bronchial muscles and pulmonary vasoconstriction, but to 
vasodilatation in the splanchnic region. It is very probable that 
histamine acts on the splanchnic region through the adrenal glands. 
If so, this action may be ascribable to adrenaline or some other 
sympathomimetic factor. The phenomenon may be identical to 
the adrenaline-produced vasodilatation encountered by Dale and 
Richards (8) in anesthetised cats. The dihydroergotamine tests 
speak for this possibility. The rise in the blood pressure, on the 
other hand, may be due to histamine-produced peripheral vaso- 
constriction. 
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INFLUENCE OF VARIOUS DRUGS ON CORONARY FLOW 
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Animal experiments concerning the effect of various coronary 
dilators on coronary flow are of considerable practical importance. 
Alcohol is still widely recommended for the treatment of steno- 
cardia. The beneficial effect of heparin in the treatment of coronary 
thrombosis is attributed by Gilbert and Nalefski (3) partly to the 
fact that it increases coronary circulation. According to Kenaway 
and Barsoum (7) and Sommer and Wegria (13) khelline brings 
about a marked and lasting increase in coronary flow. The mecha- 
nism of action of B-pyridyl-carbinol, a peripheral vasodilator, also 
recommended for coronary dilatation, requires further elucidation. 
It was found advisable to study the local effect of these drugs on 
coronary flow in comparison with that of some better-known drugs. 

In spite of the crudeness of the method, experiments on isolated 
mammal hearts provide a guide as to the local effect of the drugs 
on the volume of coronary flow, although the results obtained, 
of course, are not as such applicable to clinical practice. 


Technique. — Isolated rabbit hearts were perfused with 38° C Locke’s 
solution according to Langendorff’s instructions. The pressure was kept 
stabile by means of Boyle-Mariotte’s flasks. The heart beat was followed all 
through the test, and the pulse rate and the volume of coronary flow were 
registered at the end of each time unit. At the beginning of each test 
the heart was perfused with pure Locke’s solution until the coronary 
cow became even. The heart was then perfused with Locke’s solution 
flontaining the required proportion of the drug to be tested. The action 
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of the drug was studied, as was also its effect on the vasopressin-produced 
coronary spasm. The vasopressin was heated to 38° C and injected into the 
perfusion solution immediately above the heart. A number of additional 
tests were carried out to find out the effect of pure varopressin and to 
find an optimal dose. A total of 41 rabbit heart preparations were used for 
the tests. The reliability of the method used was checked by determining 
the effect of vasopressin, a well-known coronary constrictor, and of papa- 
verine, a powerful coronary dilator, on the. volume of coronary flow. In 
order to save space only one test of each series has been presented graphic- 
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Fig. 1. — Isolated rabbit heart. An almost complete stop in coronary flow 


caused by vasopressin (0.4 unit). 


Vasopressin. — The constrictive action of vasopressin on coro- 
nary blood vessels was studied by 0.4—0.8 units of Pitressin 
(Parke, Davis, & Co.) in five tests and by a corresponding amount 
of posterior pituitary extract (Hypoitrin, Orion) in two tests. 
Marked coronary constriction was recorded in all cases (Fig. 1). 
The average decrease in the coronary flow was 70 per cent and the 
average duration of the effect 5 minutes. In four cases the volume 
of the coronary flow did not return to the initial level within 
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20 minutes, remaining 20 per cent smaller than it was before the 
addition of vasopressin. The relatively large amount of vaso- 
pressin and the technique used explains why there was no_ tachy- 
phylaxis, with a renewed addition of varopressin producing another 


marked coronary constriction. 


The results obtained were in agreement with earlier observa- 
tions on the effect of vasopressin on coronary flow in an isolated 
arrested rabbit heart (4), in a beating rabbit or cat heart (10), and 


in a fibrillating cat or dog heart (6). 
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not even reduce the volume to normal level. 
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Papaverine. — The writers studied the effect of 1: 50000— 
1:500000 papaverine sulphate on four rabbit heart preparations 
These concentrations were found to increase the volume of coronary 
flow by nearly 250 per cent. The effect was prolonged and the 
volume did not return to the initial level within 15 minutes. Addition 
of vasopressin decreased the volume of coronary flow somewhat, 
but not even in the case of the weakest papaverine concentration 
did the volume return to the initial level (Fig. 2). The results 
were in agreement with those obtained by Langendorffs heart 
preparation and by Starling’s heart-lung preparation (11, 12, 2, 5). 
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Fig. 3. — Isolated rabbit heart. Ethyl alcohol (0.5 per mil) does not produce 
great alteration in coronary flow, nor does it inhibit the effect of vasopressin. 


Ethyl Alcohol. — The effect of ethyl alcohol was studied on 7 
heart preparations in concentrations of 0.2—4.0 per mil. A con- 
centration of 0.2—2.0 per mil had no marked effect on the volume 
of coronary flow. A concentration of 4.0 per mil probably had a 
toxic effect, for it produced extrasystoles and later both auricular 
and ventricular fibrillation. Alcohol was not found to inhibit a 
vasopressin-produced coronary spasm (Fig. 3). The results agreed 
with the observations made by Kuno and by Loeb (8, 9) on the 
slight and inconstant effect of alcohol on coronary flow. 
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Heparin. — Considering the fact that commercial preparations 
of heparin contain tricresole 0.2 per cent, the writers used pure 
heparin side by side with a commercial heparin preparation (Hepa- 
rin, Medica).1 A total of 13 tests were carried out with 1: 1000— 
1: 100 000 heparin. No difference could be noted between the two 
heparin preparations. Concentrations exceeding 1: 10 000 produced 
a distinct decrease in the coronary flow. The effect was not, how- 
ever, very marked (Fig. 4) and passed off rapidly after perfusion 
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Fig. 4. — Isolated rabbit heart. Heparin (1: 20 000) causes a slight increase 
in the volume of coronary flow. The constrictive effect of vasopressin is not 
inhibited. 


with pure Locke’s solution. Smaller concentrations (1: 50000 and 
less) produced no effect on the volume of coronary flow. The results 
obtained with concentrations of 1: 10000—1: 20000 varied. In 
some cases there was a slight increase and in some a slight decrease 
in the volume of coronary flow, the alterations being less than 20 
per cent in either direction. Considering the sources of error asso- 


1 We are indebted to Medica Pharmaceutical Manufacturers Ltd., Helsinki, 
who kindly placed these preparations at our disposal. 
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ciated with the use of Langendorff’s heart preparations, it may 
be said that even in the last-mentioned concentrations heparin had 
no noteworthy effect on coronary flow. In no case did heparin inhibit 
a vasospasm caused by vasopressin. Thus, the present writers failed 
to note with any amount of certainty the dilating effect of heparin 
on the coronary blood vessels reported by Gilbert and Nalefski (3). 
It should be borne in mind, however, that Gilbert and Nalefski 
carried out their experiments both on live dogs and on empty 
beating dog hearts perfused with defibrinated blood of the same 


dogs. 


B-Pyridyl-Carbinol. — The study of the effect of #-pyridyl- 
carbinol was carried out in 3 tests with 1: 100 000, 1: 250 000, and 
1: 500 000 Ronicol (Roche). The greatest concentration was found 
to produce extrasystole and increase the volume of coronary flow. 
In the concentration 1: 250000 the drug produced an increase of 
25 per cent in the volume of coronary flow. The smallest concentra- 
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Fig. 5. — Isolated rabbit heart. 6-Pyridyl-Carbinol causes a slight increase in 


the volume of coronary flow. The constrictive effect of vasopressin is not 
inhibited. 
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tion used produced no notable increase in the coronary flow. In 
none of the cases did f-pyridyl-carbinol inhibit coronary spasm 
caused by vasopressin. It may, therefore, be said that f-pyridyl- 
carbinol did have a slight local dilative effect on the coronary 
blood vessels, but in a concentration of 1: 100 000 it also seemed 
to have an untoward effect on cardiac function (Fig. 5). 


Mannitol Hexanitrate. — For studying the effect of mannitol 
hexanitrate a preparation was used which, for reducing the danger 
of explosion, contained one part of mannitol hexanitrate and one 
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Fig. 6. — Isolated rabbit heart. Increase in the volume of coronary flow 
caused by mannitol hexanitrate. The constrictive effect of vasopressin is 
inhibited to some extent. 


part of lactose. The suspension of water-insoluble mannitol hexa- 
nitrate was prepared in the following way: — The amounts of 
mannitol hexanitrate required for the concentrations 1: 100 000— 
1: 300 000 were added to two litres of Locke’s solution and shaken 
for half an hour. All the concentrations tested were found to produce 
a considerable increase in the coronary flow, with the highest con- 
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centration producing an increase of 200 per cent. The highest 
concentration was also found to have an inhibiting effect on a 
vasopressin-produced vasospasm, but the inhibition was not 
complete (Fig. 6). 


Khelline. — The action of khelline (dimethyloxy-methyl-furano- 
chrome) was studied by testing the effect of 1: 100 000, 1: 250 000, 
and 1: 500000 Kelicorin (Industrial Pharmaceutica de Levante) 
on rabbit heart preparations. The concentration 1: 500 000 brought 
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Fig. 7. — Isolated rabbit heart. An increase in the volume of coronary flow 
caused by khelline. The constrictive effect of vasopressin is inhibited to some 
extent. 


about an increase of 50 per cent in the volume of coronary flow 
and the concentration 1: 250 000 an increase of 100 per cent. The 
concentration 1: 100 000 caused evident toxic symptoms. At first, 
there was a nearly 50 per cent rise in the coronary flow, but the 
heart beat rate fell simultaneously and then became irregular. 
At 25 minutes the heart stopped beating at systole. Perfusion 
with pure Locke’s solution and massage could not make it beat 


again. 
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INFLUENCE OF VARIOUS DRUGS ON CORONARY FLOW SI 


In the concentrations 1: 500000 and 1: 250000 khelline had 
an inhibitory effect on coronary spasm caused by 0.4 unit of vaso- 
pressin. It is true that the administration of vasopressin diminished 
the coronary flow in both cases, but the volume remained larger 
than before the addition of khelline into the perfusion solution. 
When the 1: 250 000 concentration of khelline was used, the coro- 
nary flow returned within 3 minutes to the level where it had been 
before the administration of vasopressin, but in the case of the 
1: 500000 concentration, the coronary flow remained somewhat 
under the pre-vasopressin level, yet above that preceding the 
addition of khelline. The increasing effect of khelline on the volume 
of coronary flow was a persistent one, lasting for the whole observa- 
tion period (35—40 minutes). 

The writers found, thus, that in an isolated rabbit heart khelline 
produced a remarkable and lasting increase in the volume of coro- 
nary flow. Khelline also had an inhibitory effect on a vasopressin- 
produced coronary spasm. The results obtained by the writers were 
in agreement with those obtained by Anrep, Kenawy, and Bar- 
soum (1) by the same method. . 


SUMMARY 


The writers studied the effect of certain drugs on the coronary 
flow in an isolated rabbit heart prepared by Langendorff’s method. 
Injection of vasopressin into the perfusion solution brought about 
coronary constriction. It was found that 0.4—0.8 unit of vaso- 
pressin caused an almost complete stop in coronary flow, which 
then rapidly passed off. The volume of blood, however, did not 
return to the initial level. Papaverine caused a large increase in the 
volume of coronary flow and almost completely inhibited the 
effect of vasopressin. Ethyl alcohol in a concentration of 4 per mil 
had an untoward effect on the function of the heart. The concentra- 
tions 3 per mil and less had no effect on the coronary flow and 
did not inhibit the effect of vasopressin. Heparin in a concentration 
of 1: 10 000 had a decreasing effect on the coronary flow. Weaker 
concentrations had no notable effect; neither did heparin inhibit 
the effect of vasopressin. f-Pyridy!-carbinol (Ronicol, Roche) had 
a slight increasing effect on the coronary flow, but did not inhibit 
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the effect of vasopressin. Mannitol hexanitrate caused a remarkable 
increase in the coronary flow, but only partially inhibited the 
effect of vasopressin. Dimethyloxy-methyl-farano-chrome (Keli- 
corin, Industrial Pharmaceutica de Levante) produced a remark- 
able and lasting increase in the volume of coronary flow and in- 
hibited the effect of vasopressin to some extent. 


a eS 
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FROM THE DEPARTMENT OF PHARMACOLOGY, UNIVERSITY OF HELSINKE 


THE OCCURRENCE OF HISTAMINE IN HUMAN SWEAT! 


By 
VEIKKO J. UUSPAA 


(Received for publication October 14, 1950) 


In order to establish the physiologic significance of perspiration 
and the therapeutic value of various sweating cures, numerous 
analytical studies of the composition of human sweat have been 
made. Literature concerning this has been reviewed among others 
by Ladell (7) and by Ott (21) in his »Saunay-book. However, sub- 
stances contained in the sweat and giving the Pauly reaction have 
been little studied. Kuno (6) demonstrated in human sweat an 
organic substance which considerably lowered the metabolism 
of mice. 

The object of the present paper is to show that human sweat 
contains small amounts of histamine and in addition probably 
one or more of other imidazole derivatives. 


METHODS 


The sweat specimens were collected chiefly in the Finnish steam bath 
(Sauna). Control specimens were taken also in the fully dry Roman bath. The 
usual bathing order was changed so that after short preliminary sweating, 
before the actual sweating, the skin was washed in the wash-room with 
warm water and soap, and thereafter fully dried. The real sweating, during 
which the sweat drops were collected by means of a glass bowl into flasks, 
took place at a comparatively high temperature of ca. 60—75° C, at which 
the humidity was that of normal Finnish bath, about 10—20 per cent 
(14, 21). The formation of condensed water on the skin can be considered 
as minimal. 


1 Preliminary report given at the III Northern Pharmacological Congress 
in Helsinki in 1949. 


3 — Ann. Med. Exper. Fenn. Vol. 29. Fasc. 1. 
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The histamine determinations were made biologically by means of 
the guinea-pig gut method. Since sweat as such has an untoward effect 
on the guinea-pig gut, I extracted the sweat specimens in accordance with 
the method of McIntire, Roth, and Shaw (17) as follows: 4.5 ml of filtered 
sweat was measured into a centrifuge tube, 1.2 g of salt mixture used by 
McIntire and coworkers was added and, when it had dissolved — when 
necessary somewhat warmed on water bath —, 5 ml of n-butanol; the 
solution was first shaken vigorously by hand and then for half an hour 
in a mechanical shaker. The solution was then centrifuged and 4 ml of 
fully clear butanol solution was pipetted into a so called CAS-filter using 
a rubber hose furnished with a pincher. The butanol solution was filtered 
by suction through a so-called cotton acid succinate pad (CAS) prepared 
according to the directions of McIntire and coworkers, which adsorbed all 
histamine from the butanol. The filter was washed with 3 ml of absolute 
alcohol and 3 ml of distilled water. The histamine was eluated with 2 ml 
of 0.4 N hydrochloric acid, followed by 2 ml of distilled water. The eluate 
was kept for a short time in a refrigerator. Before the bio-assay, the solu- 
tion was neutralized with 0.5 ml of 1.6 N NaOH solution and, if necessary, 
water was added up to the volume of 4.5 ml. The pH of the solution was 
controlled by using the indicator paper scale (20). This solution is isotonic 
and is as such suitable for bio-assay. 

The salt mixture of McIntire, Roth, and Shaw contains anhydrous 
sodium sulphate and trisodium phosphate monohydrate .(Na,PQO,+H,O) 
in a ratio of 6.25: 1. This salt mixture gives to the solution a strong alkaline 
reaction (pH 12.5—13) and a high salt concentration (above 25 per cent), 
which is necessary for the histamine to go over from water to butanol 
phase. 

CAS-filter. — Cotton acid succinate was prepared in accordance with 
the directions of McIntire and coworkers as follows: 5 g of sodium acetate 
and 40 g of succinic anhydride were fused and dissolved in 300 ml of glacial 
acetic acid. 10 g of cotton was immersed in the solution and heated in a 
flask furnished with a tube at 100° C for 48 hours. The cotton was separated, 
well washed with water, dilute hydrochloric acid, again with water and 
finally with alcohol, and dried in a vacuum. Filters were prepared of cotton 
treated in this manner by packing 0.1—1 g of cotton tightly in the tubes of 
especially formed glass funnels, the ends of which tubes were narrowed. 
The CAS-filters of this kind adsorbed about 100—1000 wg of histamine. 

Calculation of the Results. — As butanol, according to McIntire and 
coworkers, extracts on an average 93.3 per cent of the histamine content 
of the solution and as the total volume of the butanol phase is 5.54 ml, 
4 ml of butanol contain 67.4 per cent of the histamine quantity of the 
extracted solution. The final eluate contains very much the same per- 
centage of histamine, and accordingly approxim. 1.5 ml of eluate 
corresponds to 1 ml of sweat. 

The untoward effect of sweat on the guinea-pig gut can be somewhat 
prevented by treating the sweat with aluminium oxide in the same manner 
as Anrep and coworkers (1) did when determining the histamine in the urine, 
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or by filtering the sweat through an aluminium oxide column, as Lund (12) 
did in his adrenaline determination method. Also the dilution of sweat 
with Tyrode solution is sufficient to diminish somewhat the toxic effect 
of sweat on the guinea-pig gut. 

The effect of sweat extracts on blood pressure was examined with an 
etherized cat, using extracts purified according to the method of McIntire 
and coworkers. The total imidazole content of sweat was estimated 
according to Macphersons’s (16) modification of the Pauly reaction. 


RESULTS 


‘ 


IDENTIFICATION OF THE GUINEA-PIG GUT CONTRACTING SUBSTANCE 


Effect of Sweat Extracts on the Guinea-pig Gut. — 0.5 ml of sweat 
diluted by half with Tyrode solution, collected from the surface 
of the abdomen when bathing in the Finnish bath, caused a strong 
contraction in the guinea-pig gut. In the same manner, 0.25 ml 
of sweat treated with aluminium oxide caused a strong contraction. 
When the effect of various spasmolytic substances on gut 
contraction was more closely examined, it appeared that atropine 
did not inhibit the contraction when such concentrations which 
prevented acetylcholine effect on the gut were used. On the other 
hand, antihistamine substances, such as mepyramine (neoantergan, 
anthisan) and tripelenamine (pyribenzamine), inhibited the gut 
contraction totally already when such concentrations which 
inhibited the effect of histamine but not that of acetylcholine and 
potassium on the gut were used (Fig. 1). Thus it was apparent 
that human sweat contained also some other gut contracting sub- 
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Fig. 1. — 1 = 0.35 pg of histamine, 2 = 0.5 ml of sweat adsorbed 
with aluminium oxide, 3 = 2 yg of pyribenzamine and after five minutes 0.5 ml 
of sweat, 4 = 1 yg atropin, 5 = 1 yg of atropin and after five minutes 


0.3 ug of acetylcholine. 
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stance, and even larger amounts, than of acetylcholine, which 
Dale and Feldberg (5) found in sweat glands, and Vartiainen and 
Kostia (27) in the washing water of hands. 

When extracting sweat by the method of McIntire and coworkers 
it again appeared that the extracts contained a substance which 
had an effect on the guinea-pig gut, and which with regard to 
atropine and antihistamine substances behaved like histamine. 
As to its effect on the guinea-pig gut, the substance contained 
in sweat was identical with histamine. In some sweat specimens 
there was, in addition, some other substance present which caused 
slight contraction in the guinea-pig gut, a contraction which could 
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Fig. 2. — 1 = 0.02 wg of histamine, 2 = 0.8 ml of unincubated mixture of 

sweat extract and histaminase, 3 = 0.04 wg of histamine, 4 = 0.8 ml of 

mixture of sweat extract and histaminase incubated for 2 hours at 37° C, 
5 = 0.03 wg of histamine. 


not be inhibited by antihistamine substances or atropine, and 
which probably was due to potassium. Generally, however, the 
specimens of sweat wholly lost their activity when ashing, so that 
the potassium content of sweat was so small that it did not have 
any effect on the guinea-pig gut preparations. These were, it is true, 
sometimes prepared of such gut as according to Minard’s (18) 
directions had been kept in a refrigerator for a few days, and which 
had lost some of its sensitivity to histamine and other spasmogenic 
substances. Such gut preparations often reacted first to 5 mg of 
potassium chloride in a cuvette of 20 ml. 
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Effect of Sweat Extracts on the Blood Pressure of the Cat. — 
The sweat extracts prepared according to McIntire and coworkers 
decreased the blood pressure of the cat. 

The Effect of Histaminase on Sweat Extracts. — The histaminase 
preparation made of human amniotic fluid (26) almost totally 
inactivated, in the course of an incubation of two hours, the gut 
active substance extracted from sweat according to McIntire and 
coworkers (Fig. 2). As the preparation inactivated synthetic 
histamine, but when heated above 80°C did not destroy 
the histamine and the gut contracting substance of the sweat 
extract, it seems most probable that the guinea-pig gut contracting 
substance was mainly histamine. In the same manner Torantil 
inactivated the gut contracting substance. 

The isolation of histamine from sweat as crystalline histamine 
dipicrate has not yet been done. 


THE HISTAMINE CONTENT OF SWEAT 


The histamine content of the sweat collected in the Finnish 
bath varied between 3 and 70 yg per 100 ml (Table 1). The sweat 
accordingly often contained noticeably more of histamine than, 
for example, the saliva and gastric juice. The histamine content 
of sweat gathered in equal circumstances varied greatly from 
individual to individual. The histamine content of sweat varied 
noticeably also in the same person on different bathing occasions, 
even when sweating in the Roman bath at the same temperature. 
Likewise, the histamine content of the sweat collected from 
different regions of the skin varied. The sweat gathered from the 
arms contained less histamine than the sweat collected from the 
skin of the abdomen. Thus the sweat collected from the arms 
in the Roman bath in the temperature of 56° C contained 4.6 pg 
per cent of histamine while the torso-sweat contained 14 pg per 
cent, and even after a perspiration of 45 minutes 10.7 yg per cent 
of histamine. In one case the sweat collected at the beginning of 
perspiration for 5 minutes contained 4.5 wg per cent, while the 
sweat collected after perspiration for 15 minutes contained 12.2 pg 
per cent of histamine. The variation of temperature from 56 to 75° C 
seemed not to affect clearly the histamine content of the sweat. 
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TABLE 1 


THE CONTENT OF HISTAMINE AND SUBSTANCES GIVING PAULY REACTION IN 
THE TORSO-SWEAT OF HEALTHY PERSONS 




















a Substances giving the 
we per 100 ml} ae ber 100 ml 
3 2,500 
5 1,350 
6 3,500 
a = 
8* —_ 
10 2 — 
11 — 
12 — 
13 1,660 
14* — 
25 — 
33 9,400 
63 -- 
67 — 
70 _ 





Specimens marked * were gathered in the so-called Roman bath, others 
in the Finnish bath (Sauna). 1 female, the rest males. 


THE IMIDAZOLE CONTENT OF SWEAT 


Sweat contains several mg per cent of substances giving the 
Pauly reaction (Table 1). There seems to be no correlation between 
the histamine and imidazole contents of the sweat. When sweat 
was evaporated to dryness, 30 per cent of the substances giving 
the Pauly reaction disappeared. During the incubation of sweat, 
without adding toluol, with the old Torantil preparation with 10 
per cent of the original histaminase activity, the histamine activity 
of the solution decreased in 3 hours from 0.167 ywg/ml to zero, 
while after 28 hours it increased up to 1.40 ug/ml, which indicated 
that histamine was formed of the substances of the solution probably 
through the action of bacterial enzymes. Therefore, it may be 
presumed that a noticeable part of the substances giving the 
Pauly reaction are imidazole derivatives, probably histidine. 
It is true that some bacteria are able to form histamine even of 


urea (3). 
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DISCUSSION 


On the basis of the results nothing definite can be said of the 
significance of histamine in sweat. The quantity of histamine 
removed with sweat is relatively small, and there is so far no 
certainty whether the elimination of histamine takes place in 
connection with perspiratio insensibilis, although I am apt to 
believe so. The occurrence of histamine in sweat may be a sign of 
the general part played by histamine in cell function. The liberation 
of histamine from the functioning muscle and its occurrence in 
several secretions, such as the saliva, gastric juice, sperm, vaginal 
secretion, etc., seems to indicate that liberation of histamine 
takes place at the numerous cell reactions against external 
irritations. The liberation of histamine may be indispensable for 
the cell metabolism, and histamine perhaps is a factor in the 
inducing of the permeability changes of the cells in general. 

Lewis (10) has presented the theory that histamine is a peri- 
pheral chemical mediator of itching sensations. Rosenthal, Minard, 
Lambert, and Sonnenschein (19, 22, 23, 24), on their part, have 
presented the theory that histamine acts as an integral part of the 
peripheral cutaneous pain mechanism. Since ancient’ times it has 
been known that the Finnish bath has a favourable effect on itching 
and pain. Whether the removal of histamine from the skin in sweat 
plays a part in this therapeutical effect of the Finnish bath is 
difficult to say. Indeed, according to Rosenthal and Sonnenschein 
(24), very small amounts of histamine, even 0.01 ml of 10—'8 
histamine base solution containing 54 molecules in accordance with 
Avogadro’s law cause a perceivable painful sensation when injected 
in the skin. A considerable significance may be ascribed to the 
other imidazole derivatives which are removed in perspiration 
in much larger amounts than histamine. Lewis and Hess (11) 
stated that the immersion of skin at 40—41° C quickly abolishes 
itch. This effect cannot be due to the secretion of sweat, as the 
first appearance of sweat in the Finnish bath takes 6—12 minutes. 
The mechanism, therefore, must be a different one. 

Investigations concerning the effect of the Finnish bath on the 
acetylcholine, adrenaline, and histamine contents of the blood, 
as well as the paper chromatography of sweat, are in progress. 
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SUMMARY 
Sweat elicited by the Finnish steam bath or Roman bath has been 


proved to contain small amounts of biologically active histamine. 


Considering a strong Pauly reaction given by sweat, the presence 


of some other imidazole derivative in the sweat is probable. 
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EFFECT OF PROTAMINE (SALMINE) ON THE 
BODY WEIGHT 


By 
ILMARI VARTIAINEN and OSMO VARTIAINEN 


(Received for publication September 21, 1950) 


Protamine is extensively used to prolong the effect of insuline 
and to some extent also as a heparin antagonist. There is hardly any 
drug so little examined pharmacologically as protamine before 
being accepted into clinical use. The only noteworthy experiments 
are Thompson’s (2) on clupeine and Jappelli’s (1) on salmine. It 
was not until 1941 that Vartiainen and Marble determined the 
median lethal dose of salmine subcutaneously on rabbits and mice. 
The last-named investigators also made a study of symptoms and 
signs, as well as pathological changes in the organism, caused by 
protamine injections. 

This will be sufficient to show that further studies on the phar- 
macological actions of protamine are greatly needed. The object 
of the investigation here reported was to study, in growing guinea 
pigs, alterations in the body weight caused by protamine (salmine) 
as a guide to the general condition of the test animals. 


METHODS 


The test animals used were 40 young male guinea pigs weighing mostly 
200 to 300 g at the beginning of the tests. The guinea pigs were kept in 
cages, two of approximately the same weight in one cage. One of the two 
pigs was a test animal, the other a contro]. This arrangement had the ad- 
vantage of securing the same conditijns for the control pig and the test 
pig. The controls were marked with odd numbers, the test pigs with even 
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numbers. The animals were fed on hay, oats, and turnips and allowed to 
eat as much of these as they wanted. All the guinea pigs were weighed at 


the same time every morning. 
The protamine used was salmine.! The doses varied from 50 to 300 mg 


per kg of body weight. The calculated dose was weighed with extreme care 
on an analytical balance. It was then dissolved in slightly heated saline and 
diluted to 5 per cent. The injections were made subcutaneously, usually 
onto the large dorsal muscles. The sites of injection varied when there 
were several successive injections. The animals showed some tenderness 


to injection. 
All dead individuals were opened for postmortem examination. 


RESULTS 


The increase of weight in those guinea pigs which received prot- 
amine was usually clearly retarded in comparison with the controls. 
In some cases there was even a striking decrease in weight. Figs. 1 to 
10 record part of the results obtained. A marked decrease in weight 
is seen in Fig. 7. Fig. 10, on the other hand, shows that even smaller 
doses, when administered regularly over a lengthy period, produce 
a marked retardation in the increase of weight. 

The effect of protamine on the general condition of the guinea 
pig was found to be the same as that described in an earlier publi- 
cation (3). In a few cases the administration of protamine caused 
mild anaphylactic symptoms, such as a faint whistling sound in 
breathing, noted for some time after the administration of a shock- 
ing dose. 

SUMMARY 


Twenty growing male guinea pigs were given subcutaneous injec- 
tions of protamine (salmine) in doses of 50 to 300 mg per kilogramme 
of body weight. An equal number of contro! guineapigs was used. A 
general retardation in the increase of weight was noted in the pro- 
taminetreated guineapigs, in some cases even a marked decrease in 


weight. 
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FROM THE DEPARTMENT OF PHARMACOLOGY, UNIVERSITY OF HELSINKI 
AND THE WIHURI RESEARCH INSTITUTE 


EFFECT OF PROTAMINE (SALMINE) ON THE WEIGHT OF 
THE ORGANS OF THE BODY 


By 
ILMARI VARTIAINEN and OSMO VARTIAINEN 


(Received for publication September 28, 1950) 


The object of the investigation here reported was to study the 
effect of subcutaneous injections of protamine (salmine) on the 
weight of various organs of the guinea pig. 


TECHNIQUE 


The experiments were made on 40 young male guinea pigs weighing 
mostly between 200 and 300 g at the beginning of the experiments. Half 
of the pigs were used as controls. The arrangement of tests was similar 
to that used by the writers in an earlier investigation (3). 

Dead individuals were opened for postmortem examination. The control 
pigs were killed by hitting them on the head. The following organs were 
-carefully stripped of the surrounding connective and fatty tissue: the 
pituitary gland, the adrenals, the thyroid, which in guinea pigs is usually 
divided into two separate lobes, the pancreas, the gonads, the spleen, 
the kidneys, and the liver. In addition, two large lymph nodes located 
anteriorly to the trachea were taken from some pairs of pigs. An analytical 
balance was used for the weighing of the animals. For each organ forming 
a pair the total weight was determined. All the organs were first examined 
by the naked eye and then fixed in 10 per cent formaldehyde solution 
for the preparation of histological slides. 

In order to eliminate the source of error arising from different filling 
up of the stomach and the intestines the following measures were taken: 
‘The esophagus was cut at the cranial end of the cardia and the rectum 
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Fig. 1. — The weights of the adrenals in the protamine-treated guinea pigs 
in comparison with the reduced body weight. The lines are regression lines 
drawn on the basis of the results. 


as aborally as possible. The whole gastro-intestinal canal was removed 
and weighed with its contents. This weight was subtracted from the total 
weight of the pig. The »reduced weight» thus obtained appears as the 
abscissa in Figs. 1 and 2. 


RESULTS 
The mathematical treatment of the results! shows with a 


probability of 70 per cent that the adrenals of the protamine- 


1 The writers are indebted to Mr. Tauno Jylhaé, Mag. Phil., Chief Mathe- 
matician of the National Pension Institution, Helsinki, for the mathematical 
treatment of the results. 


4 — Ann. Med. Exper. Fenn. Vol. 29. Fase 1. 
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\ 
The Adrenals, Milligrams 






Body Weight, Grams 
200 400 oor 


Fig. 2. — The weights of the adrenals in the control guinea pigs in comparison 
with the reduced body weight. The lines are regression lines drawn on the 
basis of the results. 


treated pigs weighed more than those of the controls (Figs. 1 and 2) 
No differences were noted in the weights of the other organs (the 
pituitary gland, the thyroid, the pancreas, the gonads, the spleen, 
the kidneys, and the liver). 


DISCUSSION 


The enlargement of the adrenals noted is perhaps comparable 
to the enlargement of the adrenal cortex noted by Selye (2) in 
conjunction with the so-called alarm reaction. It is worthy of 
note that McCarrison (1) has found that the adrenals increase in 
weight after the administration of histamine. 
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SUMMARY 


Young guinea pigs received subcutaneous injections of 
protamine in doses of 50 to 300 mg. The adrenals of the protamine- 
treated pigs were found to have increased in weight. No significant 
differences were noted in the weights of the other organs. 
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EFFECT OF PROTAMINE (SALMINE) ON THE 
WHITE BLOOD COUNT 


By 


ILMARI VARTIAINEN and OSMO VARTIAINEN 


(Received for publication September 21, 1950) 


The literature contains only isolated references to the effect of 
protamine on the white blood count. Thompson (5) mentioned that 
following the intravenous administration of protamine to the dog 
some of the effects seen were delayed clotting of the blood and 
diminution in the number of circulating leucocytes. Study of the 
effect of protamine on the white blood count was therefore con- 
sidered to be of interest. 


METHODS 


The tests were carried out with protamine (salmine) furnished free of 
charge by Eli Lilly and Company, Indianapolis. White rats weighing about 
200 to 250 g. were used. According to Reich and Dunning (3) rats from 
100 to 500 days of age show but slight fluctuations in the blood count. The 
animals were held on a standard diet selected by normal rats (6) 1. A number : 
of rats were used as controls. 

The test animals, divided into three groups of five rats each, were given 
the protamine daily in doses of 25, 50 and 100 mg. per kg. body weight. 
About 250 mg. per kg. body weight constitutes the minimum lethal dose for 


1The rats had access to the following foods: 7 Sugar; 2 Casein; 3 Yeast | 
mixture (containing 4,000 g. dried brewers’ yeast, 20,000 I.U. vitamin A, 
4,000 I.U. vitamin D,, 350 mg. a-tocopherol and 70.5 ml. peanut oil); 4 Saline 
mixture (40 g. calcium lactate, 90 g. secondary sodium phosphate, 30 g. sodium 
chloride); 5 1 per cent solution of potassium chloride; 6 Tap water. 
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Fig. 1. — Fluctuations in the total leucocyte count following the injection of 
25, 50 and 100 mg. protamine per kg. body weight, compared with those of 
control animals. Each curve represents the mean value for five rats. 


mice and rabbits (7). A 2 per cent solution of protamine was prepared 
daily prior to injection. If the amount of fluid to be injected was less than 
| ml. a sufficient amount of physiologic saline solution was added to bring 
the volume up to 1 ml. The control animals were given 1 ml. of physiologic 
saline solution. The blood samples were taken from a small incision made 
in the tip of the tail after the tail had been held for a moment in warm 
water, cleansed and dried. The differential blood cell count was made 
with 200 cells. A total of nearly 300 blood samples was differentiated. The 
effect on the white blood count of the above mentioned protamine injec- 
tions given daily during four weeks was observed by samples taken every 
morning or every other morning. Fluctuations in the course of one day were 
also observed by means of samples drawn every four hours following the 
injection. 


RESULTS 


As will be seen from Fig. 1, protamine in the doses used produced 
a transient increase in the number of leucocytes. This increase 
apparently is greater than the fluctuation in the leucocyte count of 
the control animals at different times of the day. Fig. 2 shows the 
differentiation of leucocytes in the blood samples following a dose 
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Fig. 2. — Differential leucocyte counts following the injection of 100 mg. 
protamine per kg. body weight. Each column represents the mean value for 1 
five rats. . 
- 
Ns = Segmented neutrophil leucocytes é 
Nb = Band neutrophil leucocytes 4 
E = Eosinophil leucocytes 5 
M = Monocytes ; 
L = Lymphocytes 6 


a? 


of 100 mg. per kg. body weight. Similar although less marked 
fluctuations were seen after doses of 25 and 50 mg. per kg. As the 
total leucocyte count increased the greatest rise occurred in the 
number of neutrophil cells, whereas the number of lymphocytes 
declined. Other cells, for instance the eosinophils, also increased | 
slightly in number. The greater count of neutrophil cells depended 
partly upon a large number of bandform neutrophils entering the 
blood circulation. The daily injection of protamine for one month 
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failed to produce permanent changes in the white blood count of 
any of the animals. With some of them there were signs of a dimi- 
nution in the transitory increase in the leucocyte count already 
after a few injections. 


DISCUSSION 


The effect seen, consisting of a transient increase in the total 
leucocyte count due mainly to a higher number of neutrophil cells, 
to some extent resembles the leucocytosis seen after the admi- 
nistration of small doses of histamine (1, 2) and the changes in the 
blood observed in association with the so-called general adapta- 
tion syndrome (4). 


SUMMARY 


Protamine (salmine) was given in daily subcutaneous doses of 
25, 50 and 100 mg. per kg. body weight to three groups of five 
rats each during one month. Possible changes in the white blood 
count were observed. The injection was followed by leucocytosis, 
mainly due to an increased count of neutrophil cells, which passed 
in a few hours. No permanent changes were seen in the blood 
count. 
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THE MEDIAN LETHAL DOSE OF PROTAMINE (SALMINE) 
IN GUINEA PIGS 


By 
ILMARI VARTIAINEN and OSMO VARTIAINEN 
(Received for publication September 21, 1950) 


The toxic actions of protamine (salmine), used for prolonging 
the effect of insuline, have been little studied so far. Vartiainen and 
Marble (1) determined the median lethal dose of salmine subcu- 
taneously on rabbits and mice and found that it was 200 to 300 
mg per kilogramme of body weight. The present writers have come 
across no other report on the matter in the literature available 
to them. They found it expedient, therefore, to determine the 
median lethal dose (LD 50) subcutaneously on guinea pigs, too. 


METHODS 


The protamine tested was salmine!. The dose calculated for each 
guinea pig was weighed with an analytical balance and dissolved in 
slightly heated saline to a 5 per cent dilution. The injections were made 
subcutaneously into the backs of the pigs. Dead pigs were opened and 


examined. 
RESULTS AND DISCUSSION 


The results are recorded in Table 1. The median lethal dose of 
protamine (salmine) was found to be 250—300 mg per kg of body 
weight when injected subcutaneously. The result is in fair agree- 
ment with the figures obtained by Vartiainen and Marble in 1941 
on rabbits and mice. 


' The protamine used was prepared by Eii Lilly and Co., Indianopolis, 
U.S.A., and supplied to the writers without cost. 
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TABLE 1 


MORTALITY OF GUINEA PIGS AFTER A SUBCUTANEOUS INJECTION OF 
PROTAMINE (SALMINE) 




















Body Dose of : .; ; 
Weight, Protamine, Died + Time of Death, Hours after 
Geamenne mg/kg of Survived — the Administration 
Body Weight 
390 300 _ 
430 300 
378 300 8 Hours 
395 300 — 
400 300 21 Hours 
703 300 — 
723 300 = 
360 300 
400 300 L | 
445 300 + 4—10 Hours 
390 300 ae 
380 300 at 
400 250 —~ 
490 250 8 Hours 
233 250 - 
265 250 -- 
415 200 10 Hours 
247 200 - 
274 200 _ 
356 200 = 
335 200 = 











SUMMARY 


Guinea pigs were given subcutaneous injections of protamine 
(salmine) in doses of 100 to 300 mg per kilogramme of body weight. 
The median lethal dose (LD 50) was found to be 250 to 300 mg per 


kilogramme of body weight. 
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THE HISTAMINE CONTENT OF FINNISH CHEESE 


By 
VEIKKO J. UUSPAA and PERTTI TORSTI 


(Received for publication October 14, 1950) 


Ackermann (1) demonstrated in the year 1910 that certain 
bacteria decarboxylated histidine to f-imidazolyl-aethylamine, 
or histamine, as he called this, in the biological sense new, but 
already in the year 1907 by Windaus and Vogt (23) synthesized 
substance. Dale and Spiro (4) have mentioned that cheese may 
occasionally contain histamine. 

The ripening process of cheese lasts for several months. The 
ripening of Emmenthaler cheese, for instance, takes 8—9 months, 
in which time the enzymes of the cheese bacteria, even after the 
bacteria themselves have died, cause deep-going chemical changes 
in the various foodstuffs of the cheese, especially in lactose and 
proteins. These decompositions, important for the cheese quality 
and their products have naturally long been objects of lively rese- 
arch. These processes are known in the main. The fermentation of 
lactose to lactic acid, at which in addition small amounts of acetic 
acid, succinic acid, and alcohol are formed, proceeds rapidly in the 
course of a few days in the first phases of cheese producing (24, 25). 
During the decomposition of the proteins of the cheese, peptones 
and amino acids, as well as decomposition products of certain 
amino acids, such as putrescine, cadaverine, guanidine, urea, 
ammonia, and histamine, arise. According to Virtanen’s (24) 
investigations on the ripening of Emmenthaler cheese, due to the 
effect of B. casei ¢ (Thermobacterium helveticum), amino acids are 

















THE HISTAMINE CONTENT OF FINNISH CHEESE 59 


richly formed direct from casein without any intermediate stages. 
During the ripening of cheese, particularly that of mold cheese 
qualities, the fatty substances of the cheese also partly decompose, 
yielding glycerin and free fatty acids, such as propionic acid, 
acetic acid, formic acid, butyric acid, etc. 

To the observation of Dale and Spiro concerning the formation 
of histamine, this physiologically important tissue hormone, which 
probably plays the main réle especially in allergic reactions, in the 
ripening process of the cheese, however, no attention has been paid. 
We have found in the literature no mention of the histamine 
amounts contained in various cheese qualities. Neither has the 
histamine content of the Finnish cheese been examined before. 
We shall, therefore, discuss in this paper the histamine contents 
of the most common Finnish cheese qualities. 


METHODS 


For the determination of the histamine content of cheese the following 
methods have been employed: 

Code’s Modification of Barsoum’s and Gaddum’s: Histamine Extraction 
Method. — Due to the fat content of cheese we have used the ether 
extraction employed by Barsoum and Gaddum (2) in the modification 
suggested by MacIntosh (10). 0.2 g of cheese was ground fine in a mortar 
with sand and extracted with 10 ml of 5 per cent trichloracetic acid. After 
1144 hours the mixture was filtered in a suction funnel and washed four 
times with 3 ml of trichloracetic acid. The filtrate was extracted twice 
with 20 ml of ether, at which a considerable part of the trichloracetic acid 
escaped. The clear solution was transferred to the retort flask, 10 ml of 
concentrated hydrochloric acid was added, an the solution was boiled 
for 1144 hours in water bath, whereafter the solution was evaporated to 
dryness in a vacuum. The acid residues were removed by adding 10 ml 
of absolute alcohol, by evaporating the solution to dryness in a vacuum, 
and by repeating this procedure four times in all. The dry residue was 
dissolved in 10—50 ml of Tyrode solution and diluted if necessary further 
with Tyrode solution. This dilution with Tyrode solution was usually 
sufficient to neutralize the acid residue. The pH of the solution 
was examined by the indicator paper scale of Uuspaa (13). If necessary, 
a few drops of NaOH solution of 20 per cent was added in order to transfer 
the pH to about 7.5. 

The histamine determinations were performed biologically with 
guinea-pig intestine. 

The Method of McIntire, Roth, and Shaw. — When solutions containing 
histidine with trichloracetic acid and concentrated hydrochloric acid are 
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boiled, a part of the histidine decarboxylates to histamine (26, 19, 22). 
If the filtering of protein precipitate is not complete when employing 
Code’s extraction method, too high values can also be obtained (3). There- 
fore, for the extraction of histamine from cheese which contains consider- 
able amounts of histidine, we mainly used the method of McIntire, Roth, and 
Shaw (12) in the following manner: 0.3 g of cheese was ground fine in a 
mortar with sand and extracting with 1.5 ml of distilled water. The mixture 
was transferred to a centrifuge tube by rinsing the mortar three times with 
‘1 ml of water. 1.2 g of the below-mentioned salt mixture was added to the 
solution and, the same having dissolved — if necessary somewhat warmed 
in water bath —, 5 ml of n-butanol; the tube was closed with a stopper, 
first shaken vigorously by hand and thereafter with a mechanical shaker 
for half an hour. Then the mixture was centrifuged and 4 ml of the fully 
clear butanol solution was pipetted in a so-called CAS filter by means of 
a rubber hose furnished with a pincher in the pipette in order to prevent 
the different layers from being mixed. The butanol was filtered by means 
of weak suction through the CAS filter, which adsorbs all histamine from 
butanol. The filter was washed with 3 ml of absolute alcohol and 3 ml of 
distilled water, and the histamine was eluated with 4 ml of 0.4 N hvdro- 
chloric acid and thereafter with 4 ml of distilled water. The eluate was 
kept in a refrigerator fora short time. Before the biological test the solution 
was neutralized with 1 ml of 1.6 N NaOH solution and water was added 
up to the volume of 10 ml. The pH was controlled with phenol red paper. 
This solution is isotonic and is as such suitable for bio-assay. Due to the 
great histamine content of cheese in most cases it had to be diluted with 
Tyrode solution. 

The Salt Mixture of McIntire, Roth, and Shaw. — The transfer of histamine 
from water solution to butanol is greatly dependent on the hydrogen ion con- 
centration and salt content of the solution. McIntire and coworkers stated 
that when the pH was 12.5—13 and the salt content about 25 per cent, 
in average 93.3 per cent of histamine went over to butanol, and that by 
mixing anhydrous sodium sulphate (6.25 g) and trisodium phosphate 
(NasPO,. + H,O) (1 g), a salt mixture was gained 1.2 mg of which dissolved 
in 4.5 ml of the solution the above mentioned circumstances necessary 
for the dissolving of histamine were produced. Na;PO, - H,O was prepared 
of ordinary trisodium phosphate (Na,PO, - 12 H,O) by heating in 100° C 
for 48 hours and thereafter in 300° C for 2 hours. 

CAS Filter. — Cotton acid succinate (CAS) was prepared according 
to the directions of McIntire, Roth and Shaw as follows: 5 g of sodium 
acetate and 40 g of succinic anhydride were fused and dissolved in 300 ml 
of glacial acetic acid. 10 g of cotton was immersed in this solution and 
heated in a flask furnished with a tube in 100° C for 48 hours. The cotton 
was separated, washed well with water, dilute hydrochloric acid, again 
with water, and finally with alcohol, and dried in a vacuum. Filters were 
prepared of cotton treated in this manner by packing about 0.1—1 g of 
cotton tightly in the tube of a special glass funnel, the end of which tube 
was narrowed. The CAS filters of this size adsorbed ca. 100—1000 pg of 
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histamine. For the isolation of histamine from cheese we used even larger 
filters. 

Calculation of the Results. — As butanol extracts 93.3 per cent of the 
histamine in the solution to be examined ans as the volume of butanol 
increases from 5 ml to 5.54 ml due to the dissolution of water, 4 ml of 
butanol contain 67.4 per cent of the histamine of the extracted solution. 
The final eluate contains the very same percentage of histamine. 

We made a number of control extractions from cheese according to 
v. Euler’s (6, 7, 8) adrenaline extraction method with acid alcohol, used 
by Schmiterléw (19) for the extraction of blood histamine because it does 
not decarboxylate histidine. We did not remove the fat with ether and 
were content to filter the water solution at the final phase. 

Preparation of Histamine Dipicrate from Cheese. — For the isolation 
of histamine from cheese we employed for simplicity the above-described 
method of McIntire, Roth, and Shaw on a correspondingly larger scale. 
50 g of Emmenthaler cheese was extracted with 200 ml of distilled water, 
54 g of salt mixture, and 200 ml of butanol were added and it was continued 
as has been explained above. For the elution, 25 ml of 0.4 N HCl and 25 ml 
of distilled water were used. The eluate was evaporated to dryness by 
warming in boiling water bath in a vacuum and the acid removed by 
alcohol distillation (4 x 10 ml), asin Gode’s method. The dry residue was 
diluted in a small amount of water and filtered; saturated water solution 
of picric acid was added dropwise until a precipitate was formed. The 
picrate was purified twice by crystallization from hot water. 20 mg of 
yellow rhombic crystals were obtained, which contained a_ biologically 
active substance almost in the reckoned quantity, but which melted and 
decomposed at 216° C, thus still containing some impurities, since according 
to Ackermann (1) histamine dipicrate crystals melt between 220° and 
230° C, and according to Windaus and Vogt (23) at 239° C. The histamine 
dipicrate which we prepared from old histamine dihydrochloride pre- 
paration (Hoffmann-La Roche), however, behaved in the same manner, 
and when picrate prepared from cheese was mixed with it, melted at 
216" C. 


RESULTS 


IDENTIFICATION OF THE HISTAMINE-LIKE SUBSTANCE CONTAINED 
IN CHEESE 


The Effect of Cheese Extracts on the Guinea-pig Gut. — All the 
exlracts prepared by us from various types of Finnish cheese 
according to the method of Code as well as according to that of 
McIntire, Roth and Shaw, and also, the extracts prepared by 
the alcohol method contained the guinea-pig gut contracting 
substance. When the effect of various spasmolytic substances on 
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gut contraction was more closely examined, it appeared that 
atropine did not prevent it, but antihistamine substances, such as 
mepyramine (neoantergan, anthisan) and tripelenamine (pyri- 
benzamine) prevented it totally (Fig. 1). As to the effect on the 
guinea-pig gut, the substance contained in cheese extracts fully 
resembled histamine. The fact that the extracts, when ashing, 
totally lost their activity also indicated that potassium could not 
be the cause of the gut contraction. 

The Effect of Cheese Extracts on the Blood Pressure of the Cat 
and the Rabbit. — The cheese extracts lowered the blood pressure 
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0.4 ml of cheese extract 1:10000, 2 = 0.02 ug of histamine, 
0.022 ug of histamine, 4 = 1 yg of pyribenzamine, 
0.04 ug of histamine. 


Fig. 1. — 
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of the etherized cat, the fall being prevented by neoantergan 
(Fig. 2). The cheese extracts affected the blood pressure of the 
rabbit in the same manner as histamine: smaller doses increasing 
and large doses decreasing the blood pressure. The cheese extracts 
accordingly contained a substance which affects the blood pressure 
of the cat and the rabbit similarly to histamine. 

The Effect of Histaminase on the Histamine-like Substance 
Contained in Cheese Extracts. — The histaminase solution we 
prepared from human placenta totally nullified the guinea-pig. gut 
contracting action of the cheese extracts (Fig. 3). Although 
histaminase destroys besides histamine also certain diamines such 
as putrescine, cadaverine, agmatine, ethylenediamine, etc. (27, 28), 
only histamine has a typical effect on the guinea-pig gut and of the 
guinea-pig gut contracting substances only histamine is known 
to decompose due to the effect of histaminase. Thus it can be 
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Fig. 2a. — The effect of cheese extracts on the blood pressure of the etherized 
and atropinized (0.8 mg/kg) cat weighing 4.1 kg. 
1 = 1 ml of Emmenthaler cheese extract 1: 40, 
2 = 1 ml of »Polar Bear» cheese extract 1: 40, 
3 = 1 ml of »Auravcheese extract 1: 20, 
4 = 2 pg of histamine, 5 = 3 yg of histamine. 





1 2 3 4 


Fig. 2b. — The inhibitory action of neoantergan (2.5 mg/kg) on the effects 
of the cheese extracts. 
1 — 4 = as above. 
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considered as very probable that the guinea-pig gut contracting 
substance contained in cheese is histamine. 

The Isolation of Histamine from Cheese. — By the purification 
method of histamine introduced by McIntire and coworkers (12) 
we were able to prepare crystalline histamine dipicrate from 
Emmenthaler cheese. The effect of this histamine picrate on the 
guinea-pig gut was similar to that of histamine phosphate. Neo- 
antergan prevented the effect of both of them. When comparing 





i234 4 424 3s 2 
Fig. 3. Fig. 4. 
Fig. 3. — The effect of histaminase on the gut contracting substance of 
the cheese extract. 
1 = 0.2 ml of the mixture of cheese extract and histaminase 
before incubation. 4 = 0.2 ml of the same mixture after in- 
cubation for 3 hours, 
2 = 0.03 wg of histamine, 3 = 0.04 wg of histamine. 
Fig. 4. — The effect of histaminase on the histamine dipicrate prepared 
from cheese. 
1 = 0.02 wg of histamine, 2 = 0.1 ml of the mixture of the 


histamine dipicrate prepared from cheese (1 sg/ml) and_ the 
histaminase preparation which had been boiled and _ thereafter 
incubated for 3 hours at 37° C, 3 = 0.5 ml of the above mixture, 
which had been incubated for 3 hours at 37° C and thereafter boiled. 


the activity of the picrate with that of histamine base, the picrate 
proved to contain 19.6 per cent of active substance (calculated 19.5 
per cent), which on its part proved that the picric acid salt was 
dipicrate. 

«The histaminase preparation inactivated in the course of 
incubation for three hours the histamine dipicrate prepared from 
cheese (Fig. 4). 
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The effect of the histamine dipicrate prepared from cheese on 
the blood pressure of the cat and the rabbit was similar to that of 
the synthetic histamine phosphate but weaker. 

When comparing the effects of histamine dipicrate prepared 
from cheese and that of histamine dipicrate prepared from pure 
histamine dihydrochloride on the guinea-pig gut and on the blood 
pressure of the cat, no difference between them could be observed 
and they had to be considered as identical. 

Accordingly it was proved that the guinea-pig gut contracting 
substance contained in cheese is histamine. 


THE HISTAMINE CONTENT OF FINNISH CHEESE 


In Table 1 the histamine content of certain types of cheese 
produced in Finland has been presented, determined according 
to diverse extraction methods. The histamine contents of the 
cheese qualities examined by us varied from 0.06—105 mg per cent. 
Code’s extraction method gave somewhat higher values than the 
method of McIntire and coworkers, which probably was due to the 
fact that histidine contained in cheese partly was decarboxylated 
to histamine during the HCl hydrolyse. The difference between 
the said values appeared clearest when cheese contained very little 
histamine. The method of McIntire, Roth and Shaw gave clear and 
clean extracts. The results received by alcohol extraction, which 
results often well agreed with the McIntire values, most likely 
would have been improved considerably if the fatty substances 
of the extracts had been abolished by ether. 


DISCUSSION 


Since fresh cow milk contains very little or not at all histamine 
(21), it is apparent that the histamine in cheese has arisen 
during the production and ripening of the cheese when the 
cheese bacteria have further decomposed the histidine formed 
from casein. Which bacteria cause this decomposition cannot be 
stated on the basis of this investigation. As the milk used for the 
production of cheese usually is not pasteurized in Finland nor any- 
where else (20), it is probable that several of the various species 


4 — Ann. Med. Exper. Fenn. Vol. 29, Fasc. 1. 
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TABLE 1 
THE HISTAMINE CONTENT OF FINNISH CHEESE (in mg per cent) 
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Method 
Cheese Type McIntire and| Alcohol , 
coworkers Extraction haned 
Emmenthaler (Gruyére) .......... 18.8 -- 28.5 
4.9 4.8 ~ 
13.6 11.2 - 
42.9 41.7 _ 
44,7 — ~ 
50.6 _ ~~ 
— -- 3.0 
-— ~ a | 
_ — 100.0 
Melted Gruyére cheese: 
OIK@SKENIASKIIAD oss cess cee sss 48.5 28.0 _ 
eee ae ae eee eee 95.0 75.0 95.0 
»Violao, butter cheese .......... 9.0 — 10.0 
19.0 _ ~ 
19.3 -: 
»Polar Bear» Gruyére Process 
ROERDRE © cist se ni io ore a tai eR Sina 17.0 _ 22.4 
57.0 38.0 - 
57.0 51.0 - 
105.0 75.0 -- 
_ _ 8.0 
— _ VA 
»Edamer» (Dutch cheese) ........ 10.2 - 17.: 
1.2 1.3 — 
2.0 2.0 - 
3.0 1.6 ~ 
6.3 6.2 — 
10.7 6.5 _ 
- - 1.8 
-- -- 3:5 
— — 12.0 
-- a 17.5 
»Aura» Cheese, mold cheese (cheese 0.06 — 6.0 
of the Roquefort type) ........ 0.2 0.8 _ 
2.2: 2.0 — 
6.5 5.0 _ 
14.0 12.8 — 
— _ 1.2 
_ o 5.0 
_ a 7.5 
_ _ 15.0 
sBernards Gervais) .......0..000 0.8 1.2 _ 
»Kermajuusto» (Cream cheese) 7.2 _ — 
»Filsiter» 14.4 12.5 _ 
































THE HISTAMINE CONTENT OF FINNISH CHEESE 67 


of bacteria take a part in the decarboxylation of histidine during 
the ripening process of cheese. Itis our intention to investigate the 
histamine formation ability of the bacterial strains generally used 
in Finland for the production of cheese (Thermobacterium helveticum 
and Streptococcus lactis), as well as the effect of the mold fungi 
(Penicillium roqueforti) on the histamine formation in the cheese. 

On the basis of this study can also not be said whether the 
histamine of cheese has any dietetic or toxicologic importance. 
Orally, histamine is rather ineffective. Eppinger (5) took 500 mg 
of histamine diluted in water without feeling any toxic effect 
whatsoever. The histaminase content of the intestine and the 
liver accordingly seems to be sufficient at least in a healthy adult 
person to inactivate even hundredfold the lethal dose of histamine 
given intravenously. Although a rather large oral dose of histamine 
does not cause any acute symptoms of intoxication in man, it is 
well not to believe that the histamine content of food is of no 
significance. Of this matter, however, nothing is known with 
certainty. Whether the histaminase protection of a child against 
histamine taken orally is, proportionally, equally or less effective 
than in an adult is unknown to us. 

There are several reports of intoxication caused by cheese. 
Thus, according to Petri (18), cheese may cause urticaria-like eruption, 
and deteriorated cheese even intoxication. Lourens (9) investigated, 
because two children were taken ill, the effect of Dutch Gouda 
cheese on children and noticed that rather small amounts of cheese 
caused gastric pain and vomiting in children of 2—6 years of age. 
On the other hand even large amounts (50—100 g) did not cause 
any symptoms in adults. Which substance in the cheese caused 
disturbances in children was left unsolved. 

-arrot and others (14, 15, 16, 17) have stated that certain 
diamines, such as putrescine and spermine, potentiate in vivo the 
pharmacological effects of histamine and increase its toxicity 
per os even 8—10-fold. As cheese contains putrescine and cadaverine 
and possibly other diamines, it is probable that these diamines of 
cheese also increase the toxicity of histamine contained in cheese. 
Tests concerning the effect of cheese on histaminemia and on the 
histamine excretion in children are in progress. Also the substances 
giving the Pauly reaction, found in the Code extracts of cheese, 
will be investigated by means of the paper chromatography method. 
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SUMMARY 


By the method of Code and that of McIntire, Roth, and Shaw, 
well by alcohol extraction, it would be proved that fully 


unimpaired cheese in all investigated cases contained considerable 


amounts of histamine. 


By the method of McIntire, Roth, and Shaw, histamine could be 


isolated from Emmenthaler cheese as crystalline histamine dipicrate. 
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The toxicologic significance cf histamine in cheese is discussed. 
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RESPONSE OF FROG BODY WATER TO POSTERIOR 
PITUITARY EXTRACT AND HYALURONIDASE 


By 
OSMO VARTIAINEN, EINO V. VENHO and DANIEL ECKERT 


(Received for publication October 5, 1950) 


The so-called spreading factor, the presence of which in testic- 
ular extracts was first demonstrated by F. Durand-Reynalds (10), 
has proved to be identical with hyaluronidase. The effect of hyalu- 
ronidase, a connective tissue enzyme which hydrolyses hyaluronic 
acid (9), appears as a greatly increased absorption rate of drugs 
injected subcutaneously (13). In view of the fact that hyaluronidase, 
among other things, facilitates bacterial invasion into the body, 
Haas (12) suggested that this enzyme be called invasin. In nearly 
all tissues, except the epithelium, hyaluronidase hydrolyses hyalu- 
ronic acid, which is the ground substance of connective tissue. 
This property is manifest even in very weak solutions. Madinaveitia 
(15) demonstrated hyaluronidase action in a solution which con- 
tained 1 y of testicular extract per 100 ml. 

The presence of hyaluronidase in the skin suggests that it has 
some physiological significance and that there exists a balance 
between it and hyaluronic acid to maintain normal conditions in 
the skin. It is possible that the hyaluronidase-hyaluronic acid 
balance is achieved under hormonal control and that the follicular 
hormone is of particular significance in this respect. It is possible 
that the thyroid hormone also plays a part in this balance (19). 

It is probable that hyaluronidase promotes the absorption of 
fluid from the cerebral cavity. The use of hyaluronidase has given 
good results in some cases of hydrocephalus, although the reports 
are somewhat conflicting (20). 
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Recently, attention has been called to hyaluronidase inhibitors 
with a view to using them for counteracting the absorption-pro- 
moting effect of hyaluronidase on toxic substances (snake bites, 
allergic skin reactions, and the like). 

Guerra (11) and later Calesnic and Beutner (7) showed that 
sodium salicylate inhibits hyaluronidase action. The following 
substances have been found to inhibit hyaluronidase actiou in vivo: 
heparin, gastric mucin, pseudo-globulin (18), morphine, and 
estrogenic substances. Calesnic and Beutner (8) studied the anti- 
hyaluronidase property of phenol substituents by the turbino- 
metric method (14). They found that there existed a balance between 
the antihyaluronidase property and the length of the side chain, so 
that the antihyaluronidase effect increased as the side chain grew 
longer. Pyribenzamin and Antistin, known as histamine antagon- 
ists, inhibit hyaluronidase action in vivo (16), while Maynahan 
and Watson (17) failed to prove that Pyribenzamin, Benadryl, or 
Antistin had any antihyaluronidase effect in vitro. 

Brunn (5) found that the weight of frogs which had received 
injections of small quantities of Pituitrin increased by an average 
of 15 per cent within 4 hours. His observation has been confirmed 
by several subsequent investigations, and a number of studies 
have been published on the part played by various factors (such 
as the pH of the solution and its saline content, light, temperature, 
time of day and of year, various substances) in this phenomenon 
(1, 2, 3, 4). 

The object of the investigation here reported was in the first 
place to study the effect of hyaluronidase on alterations in the 
quantity of body water in the frog. 


TECHNIQUE 


The experiments were performed on freshly caught summer 
frogs (Rana temporaria) weighing 40 g on an average. Before weigh- 
ing they were carefully wiped dry and it was seen to that they 
had an empty bladder. The frogs were then placed in glass con- 
tainers with 200 ml of tap water. The containers were kept at 
room temperature (18° C). All the tests were performed at 6 o’clock 


in the evening. 
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Fig. 1. — Alterations in the body weight of male frogs, per cent of the original 

weight. — Curve A: the frogs received 0.5 unit of posterior pituitary extract 

per 10 g of body weight. — Curve B: the frogs received 0.5 unit of posterior 

pituitary extract per 10 g of body weight and simultaneously 25 units of 

hyaluronidase per 10 g of body weight. — Curve C: the frogs received 25 
units of hyaluronidase per 10 g of body weight. 


The tests were made with Hypoitrin »Orion» (extract of posterior 
pituitary lobe), Hyalase »Benger», and Pyribenzamin »Ciba».1 The 
dosage will be seen from Figs. 1, 2, and 3. 

The preparations to be tested were injected in the usual way 
into the abdominal lymph sac. The dilutions were so adjusted 
that each frog received 2 per cent of its body weight. The frogs 
were weighed every two hours with an accuracy of 0.1 g. In each lot 
of frogs the total weight was determined in order to see the increase 
or decrease in weight per cent of the original weight of the whole lot. 
A number of control tests were also carried out. Normal alterations 
in frog body weight were followed by weighing a number of frogs 
at two-hour intervals. A lot of frogs reccived into their abdominal 
lymph sacs a quantity of tap water which was 2 per cent of their 

1 We are indebted to the Orion Pharmaceutical Manufacturers Ltd., Hel- 


sinki, Bengers Ltd., Holmes Chapel, Cheshire, England, and Ciba Aktien- 
gesellschaft, Basel, who kindly placed these preparations at our disposal. 
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Fig. 2. — Alterations in the body weight of female frogs, per cent of the original 
weight. — Curve A: the frogs received 0.5 unit of posterior pituitary extract 
per 10 g of body weight. — Curve B: the frogs received 0.5 unit of posterior 
pituitary extract and 25 units of hyaluronidase per 10 g of body weight. — 
Curve C: the frogs received 25 units of hyaluronidase per 10 g of body weight. 


body weight, after which alterations in weight were followed. 
The effect of pure Pyribenzamin on the body weight was likewise 
studied. 

RESULTS AND DISCUSSION 


The results of tests carried out with posterior pituitary extract, 
hyaluronidase, and Pyribenzamin will be seen from the illustra- 
tions (Figs. 1, 2, and 3). The weights of the individual frogs did 
not deviate from the average more than 1.5 per cent in either 
directiun. The decrease in body weight caused by hyaluronidase 
took no less than 24 to 36 hours to pass off. With 10 units of hyalu- 
ronidase per 10 g of body weight the alterations were similar but 
considerably smaller. The control tests showed that errors inherent 
in the technique and deviations in the body weight at different 
hours of the day were less than one per cent. Those frogs which 
had received into their lymph sacs a corresponding quantity of 
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Fig. 3. — Alterations in frog body weight per cent of the original weight. — 


Curve A: the frogs received 0.1 mg of Pyribenzamin per 10 g of body weight. 

Curve B: the frogs received a quantity of tap water which was 2 per cent 

of their body weight. — Curve C: the frogs received 25 units of hyaluronidase 

and 0.1 mg of Pyribenzamin per 10 g of body weight. — Curve D: the frogs 
received 25 units of hyaluronidase per 10 g of body weight. 


tap water recovered their original weight in 4 hours. No alterations 
were recorded in the weight of frogs kept in 0.6 per cent saline 
solution. Administration of pure Pyribenzamin brought about no 
alteration in the body weight. 

The increase in body weight caused by posterior pituitary 
extract (ca. 10 per cent) was somewhat less than that recorded by 
Brunn (5). Sex seemed to play no part in this increase. It will be 
seen from Fig. 1 that hyaluronidase inhibits to some extent the 
hypoitrin-produced increase in the body weight and brings about a 
decrease in body weight when the effect of the posterior pituitary 
extract has passed off. In female frogs the inhibitory effect could 
not be clearly demonstrated (Fig. 2). Hyaluronidase, when used 
alone, produced a fall in the body weight. In male frogs this fall 
was ca. 8 per cent, in females considerably less. A Pyribenzamin 
dose of 0.1 mg per 10 g of body weight was sufficient for inhibiting 
completely the effect of hyaluronidase. 
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Stehle (22) used to think that the antidiuretic action of pitui- 
tary extract is regarded tentatively as explainable on the assump- 
tion of an increased capacity of the tissues to hold water. Our 
experiments suggest that hyaluronidase has an antagonistic effect 
in this respect. 


SUMMARY 


The writers studied the effect of hyaluronidase on frog body 
weight. It was found that hyaluronidase caused approximately a 
8 per cent fall of body weight in male frogs. In female frogs the 
fall was less marked. Pyribenzamin inhibited the hyaluronidase- 
produced fall in body weight. The increase (ca. 10 per cent) pro- 
duced by posterior pituitary extract was to some extent inhibited 
by hyaluronidase in male frogs, while no inhibitory action was 
noted in female frogs. 
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DIGITALIS LEAF MORTALITY IN FINNISH FROGS 


By 
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(Received for publication September 13, 1950) 


For assaying digitalis on frogs, J. W. Trevan (5) introduced the 
so-called characteristic curve, i.e. a mortality curve in which a 
given mortality rate corresponds to a certain relative dose or 
relative potency. The curve is S-shaped, with an almost rectilinear 
course in the median part. It is possible, by means of the character- 
istic curve, to estimate the strength of an unknown sample of 
digitalis leaf as compared with that of the international standard 
powder in a relatively small number of test animals. Trevan cal- 
culated that the standard deviation with 48 frogs was 10 per cent. 

It has been found, however, that the characteristic curve is not 
always the same when different species of frogs are used. Moller (4), 
for example, noticed that the characteristic curve for Danish frogs 
was clearly different from that obtained with British frogs. We 
have considered it expedient, therefore, to determine the charac- 
teristic toxicity curve of the standard digitalis powder for Finnish 
frogs (Rana temporaria), with a view to rendering Trevan’s method 
applicable to Finnish frog material. 


METHODS 


For the determination of the characteristic curve for Finnish 
frog material we used an extract made from the standard 1926 
digitalis powder. For making the extract, we used the following 
technique recommended by Trevan: — 
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TABLE 1 









































Dose of Mortality __._| Expected Mortality | 
Digit. —— Weighing | 
S ‘Thies No. of Coeffi- 
tand. Frogs Per a 4 
per g of Dead : cient Per Probit | 
Frogs | C&"t | Probit | 
Body 8 cent | 
Weight n r p y w ion | 
| 
0.0004 16 0] 0.0 0.092 
0.0005 20 1] 5.0 | 3.36 | 0.180 2.6 3.06 | 
0.0006 10 3 7.9 | 3.96 0.302 6.7 3.50 | 
0.0007 10 71 io | 407 0.439 14.2 3.93 
0.0008 10 10 | 25.0 | 4.33 0.558 26.4 37 | 
0.0009 10 14 | 35.0 | 4.61 0.627 42.5 1.81 
0.0010 41 23 | 56.1 | 5.15 0.627 59.5 5.24 
0.0011 10 30 | 75.0 | 5.67 0.558 75.2 5.68 
0.0012 40 37 | 92.5 | 6.44 0.439 86.9 6.12 
317 125 




















One gramme of powdered and dried digitalis leaves was allowed 
to stand for 24 hours at room temperature with 25 ml of absolute 
alcohol, with occasional shaking in a closed spherical flask of 100 ml 
content. The mixture was then boiled in a steam boiler and, while 
hot, was filtered through a plain filter of about 9 cm diameter. The 
residue was washed with absolute alcohol until the filtrate became 
colourless. The combined filtrates were slowly evaporated, carefully 
avoiding the drying of any portion, on a boiling water bath to 4.ml. 
The concentrated extract was then diluted to 16.66 ml, the solu- 
tion thus obtained containing 60 mg of digitalis per ml. Thus the 
quantity of extract to be injected did not exceed 0.5 ml and was 
therefore not too large per frog. 

The tests were performed in the early spring, 1950. We used 
healthy male frogs weighing 25 to 35 g, collected in the autumn of 
1949. The frogs had been stored in a cool basement room and just 
before the test kept, for 24 hours, at a temperature of 16 to 18° C 
in the room where the test was performed. Before a frog was 
weighed, its bladder was emptied and the whole frog carefully 
wiped dry. The weighing was done with 0.5 gramme accuracy. The 
injection was made in the customary way through the mouth into 
the lymph sac with a one ml syringe graduated into 100 parts. 
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The frogs were divided into several groups. Different doses of 
digitalis were used for different groups. The number of dead frogs 
was counted after 24 hours. Table 1 records the doses used, the 
number of frogs in each group, and the results. For obtaining the 
curve, the material employed was treated statistically. 1 
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Fig. 1. — The digitalis mortality of the Finnish frog (standard 1926). The 
observations, the regression line, and the 95 per cent confidence limits in a 
probit scale of equal intervals. The equation of the line (F): (probit) y = 0.87 + 


0.44 x. Tre probit transformations of the corresponding curves of Moller (D) 
and of the British Pharmacopeia (BP) are included. 


STATISTICAL TREATMENT OF THE RESULTS 


The statistical treatment of the material is based on two as- 
sumptions, viz.: — 

1) that the so-called normal distribution can be used for de- 
scribing the material and 

2) that natural mortality need not be considered. 


1The statistical calculations were carried out by Mr. Jaakko Kihlberg, 
M. A. For his valuable assistance we beg to express our sincere thanks. 








78 OSMO VARTIAINEN AND EINO V. VENHO 


The calculations were performed by the so-called probit trans- 
formation, which has the great advantage that the regression 
required can be presented as a straight line in a probit scale with 
equal intervals (Fig. 1). Probit, introduced by Bliss (1) and accepted 
into general use in investigations of this type, is a transformation 
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Fig. 2. — The characteristic digitalis mortality curve (Ff) in the Finnish frog 

(standard 1926). The obervations, the regression curve corresponding to normal 

distribution, and the 95 per cent confidence limits in a percentage scale of 

equal intervals. The curves of Moller (D) and the British Pharmacopeia (BP) 
are included. 


corresponding to the ratio P <1, and it is the abscissa correspond- 
ing to a probability P < 1 in a normal distribution with mean 5 and 
variance 1. 

The regression line, which in a percentage scale with equal 
intervals is represented by a curve (Fig. 2), has been calculated by 
the method of least squares generally applied to analyses of this 
type, and by successive approximations (3). Table 2 shows the 
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TABLE 2 


DOSES RELATING TO DIFFERENT RATES OF DIGITALIS MORTALITY IN THE FINNISH 
rrRoG (Rana temporaria). THE STANDARD DEVIATION OF THE RELATIVE DOSE IS 
ABOUT 2 AT DL 50 AND INCREASES AS THE DISTANCE FROM THE MEDIAN DOSE GROWS 











Mortality | Relative Dose || Mortality} Relative Dose 
per cent (Potency) per cent (Potency) 
5 60 50 100 
10 69 55 103 
15 75 60 106 
20 80 65 110 
25 84 70 113 
30 88 75 116 
35 91 80 120 
40 94 85 125 

45 97 























numerical values relating to the curve and Table 1 the primary 
material, weighing coefficients, and the values of the curve cal- 
culated. The equation of the regression line to be drawn in the 


probit scale is 
Y* = 0.87 + 0.44 2, 


in which Y* is the probit of the calculated mortality, x the dose 
multiplied by 10,000, and b = 0.44 regression coefficient showing 
the slope of the regression line. The standard deviation of the coef- 
ficient is 

$p = 0.04 


and its 95 per cent confidence interval 0.35—0.52. 

Considering the fact that the corresponding coefficients of 
the regression lines presented by Moller and the British Pharma- 
copeia (2) are approximately 0.77 and 0.37, the inference is that 
the result obtained with the present writers’ series is essentially 
different from the Danish result, while the result appearing in the 
British Pharmacopeia and that obtained by the present writers may 
be considered statistically approximately the same. 

The goodness of fit was tested by calculating the test variable 


x= J y—yyP — (YX @—x) Y—-Y)P/X (TP = 2.9. 
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The relevant table shows that random causes alone may lead to | 
this 7? value with the probability P: 


0.80< P < 0.90, 


which shows that the calculated curve is in good agreement with the 
observations made and that there is no essential heterogeneity. 
LD50 (= m), the determination of which was the object of 
the test, is about 0.00094 and its 95 per cent confidence interval 
0.00091 —0.00098. The standard deviation of the median is 


Sm = 0.000019. 


In Figs. 1 and 2 the 95 per cent confidence interval of the mor- 
tality corresponding to each dose used has been calculated as well. 
(The domain limited by these curves in thus not the confidence 
region of the regression curve, which is smaller.) 

Note. — A P per cent confidence interval (or region) denotes 
an interval which with a P per cent fiducial probability can be 
taken to include the »true», unknown value of the parameter in 
question. 


SUMMARY 


The writers have determined, by the 1926 digitalis standard, 
the characteristic toxicity curve of the standard digitalis powder 
for Finnish frogs (Rana temporaria), with a view to rendering the 
method introduced by J. W. Trevan applicable to Finnish frog 
material. The curve obtained proved to be practically identical 
with that presented by the British Pharmacopeia and differed 
essentially from the curve obtained with Danish frogs. 
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Best (5) and Best and McHenry (6) have proved that there is 
a particular enzyme, histaminase, which destroys histamine. 
Zeller and his collaborators (28, 29, 30) proved that the same enzyme 
decomposed besides histamine also certain di- and polyamines, 
such as cadaverine, putrescine, agmatine, ethylenediamine, sper- 
mine, spermidine, and he therefore called the enzyme diamine- 
oxidase. This enzyme has been found almost everywhere in human 
and animal organism, most abundantly in the kidneys, in the 
mucous membrane of the intestine, andin the lungs and the liver, 
very little or not at all in the heart muscle, the skin, and the 
mucous membrane of the stomach. 

Human blood generally contains very little of histaminase (1) 
or not at all (3, 6), except during pregnancy, when the histaminase 
activity of the blood plasma increases even 1000—2000 times to 
that of non-pregnancy (1, 3, 13, 14, 15, 16, 23, 31). The increase 
in the histaminase of the blood plasma during pregnancy is ascribed 
to the effect of the placenta, where it in human beings appears 
in considerable quantities (1, 10, 21, 25, 30). Also in guinea-pigs 
the histaminase amount of blood seems to increase somewhat 
during pregnancy (1, 19). The plasma of the rat does not contain 


6 — Ann. Med. Exper. Fenn. Vol. 29. Fasc. 1. 





82 VEIKKO J. UUSPAA 


histaminase in any noticeable amount (3). Carlsten (7) proved 
that neither in the blood of the cat, even during pregnancy, any 
discernible amount of histaminase is present, nor in the placenta 
extract. Neither could it be proved that the histaminolytic power 
of the blood plasma of the rabbit increases during pregnancy 
(1, 24). With pregnant rats Ahlmark (1) and Munwyler (18) 
detected histaminase in the blood plasma, while Anrep and others 
(3) could not demonstrate it. The placenta of the rat contains 
large quantities of histaminase (1, 3). 

Anrep and others (3) could not demonstrate histaminase in 
amniotic fluid, while Swanberg (21) stated that in human amniotic 
fluid there is as much histaminase as in the maternal blood. Swan- 
berg has further demonstrated that the maternal component of 
the placenta contains 121 times more of histaminase than the fetal 
component, and that the decidua compacta probably is the main 
producer of histaminase. 

Wicksell (25) could not experimentally support the hypothesis 
that the function of the histaminolytic principle in pregnancy is 
to protect the mother or the fetus against histamine, wherefore 
he stated that the purpose of the high histaminolytic activity in 
human blood and in the placenta during pregnancy is as yet un- 


known. 


METHODS 


The specimens of human amniotic fluid were taken either in connec- 
tion with cesarean sections by puncturing through the wall of the uterus 
or per vaginam when rupturing the membranes. 

The histamine content of the blood plasma and the amniotic fluid 
were determined by both the extraction method of McIntire, Roth, and 
Shaw (17) and by Code’s (9) modification of Barsoum’s and Gaddum’s 
(4) method. 

The histaminase activity of the blood plasma and the amniotic fluid 
was determined mainly by Wicksell’s (26) modification of Anrep’s, 
Barsoum’s, and Ibrahim’s (3) method in the following manner: 1 ml of 
blood plasma or amniotic fluid, 23.5 ml of Tyrode solution warmed to 
37° C,and 0.5 ml of histamine diphosphate solution containing 5 yg of 
histamine base were mixed. 3—4 ml of the mixture were immediately 
taken in a test tube and heated for 24% minutes on boiling water bath, 
then rapidly cooled in tap water and placed, as well as the enzyme mixture, 
in a thermostat in 37° C. After the incubation of 1,2, 4 and sometimes 
also of 8 and 24 hours, specimens were taken and treated in the same 
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manner as the first specimen. The histamine determination was done 
biologically, mostly without extraction, recently also by the extraction 
method of McIntire and others. 

The histaminolytic activity of the placenta and the fetal membranes 
was determined so that according to AhImark (1) 1 g of tissue was extracted 
with 4 ml of Tyrode solution and the histaminolytic power of the extract 
was determined by Wicksell’s method immediately after the extraction, 
as the histaminase activity of the extracts according to Anrep and co- 
workers (3) decreases when they are kept in a refrigerator. 


RESULTS 


In the specimens of amniotic fluid taken at labour in most 
cases a guinea-pig gut contracting substance (4.0—8.6 wg per cent) 
could be found without extraction, the effect of which was in- 
hibited by neoantergan, but not by atropine. The amount of 
histamine extracted according to the directions of McIntire and 
coworkers varied between 3.0 and 38.3 wg per cent and was larger 
than in corresponding blood samples (1.6—3.8 wg per cent). In 
one case the histamine content of the amniotic fluid decreased 
during the incubation, but was still 2.1 wg per cent after two hours. 
In a case of cesarean section when the amniotic fluid was taken 
before labour and 10 days before the calculated delivery, no hista- 
mine could be found in the amniotic fluid without extraction, 
but by MclIntire’s extraction 0.026 wg per ml of it could be de- 
monstrated. 

In human amniotic fluid a strong histaminolytic power (1.4— 
1.6 wg/ml/h. determined according to Wicksell) could be demon- 
strated, which was a little weaker than in blood plasma (1.44— 
1.82 pg/ml/h.). The results consequently confirm Swanberg’s (21) 
observation about the appearance of histaminase in human amniotic 
fluid. 

The histaminolytic power of amnion was 19.3 ug/g/h., that of 
chorion and decidua 24.5 yg/g/h. and 210 mg/g/h. respectively. 


DISCUSSION 


The Histaminase and Histamine Content of the Amniotic Fluid. 
— Histaminase is present in human amniotic fluid even before 
delivery. As the amnion has a relatively strong histaminolytic 
activity, about the same as the fetal component of the placenta, 
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it can be assumed that the histaminase of the amniotic fluid is, 
at least in part, product of the epithelium of the amnion. This 
hypothesis seems natural due to the fact that the amniotic epithe- 
lium probably even early is exposed to the effect of histamine. 
The composition of the amniotic fluid indicates that histamine 
may be passed into the amniotic cavity from the fetus. The amniotic 
fluid, it is true, contains loose epidermal cells, vernix caseosa, and 
urea since the fourth week of pregnancy, the amount of which 
increases in the course of the pregnancy. 

The excretion of histamine in urine in the fetus and in the new- 
born may not have been investigated, but such an excretion seems 
possible as histamine is present in the urine of the adults (2, 25). 
It has been stated that the new-born infant often has urine in the 
bladder, and it is possible that the fetal urine may pass into the 
amniotic fluid. 

The skin of the new-born infant with its sweat and sebaceous 
glands is anatomically ready. The new-born infant, true, is unable 
to perspire discernibly (27), but insensible perspiration perhaps 
could be possible. The secretion of histamine through sweat glands 
in connection with insensible perspiration has not been experi- 
mentally proved, but it is probable, as human sweat contains 
histamine (22). 

The skin of an adult person contains 0.6 mg per cent, the skin 
of the fetus 1.6—1.8 mg per cent, and the epidermis of an adult 
as much as 2.4 mg per cent histamine (12). When the epidermal 
cells are loosened and they come to the amniotic fluid, histamine is 
probably liberated in the same manner as when tissue pieces are 
extracted with water. Thus it may be assumed that small amounts 
of histamine are continuously liberated from the fetus to the 
amniotic fluid and that the histamine which is present in the 
amniotic fluid, at least partly, originates from the fetus. Although 
I am not conscious of any investigations as to the effects of his- 
tamine from the amniotic cavity on the maternal organism, I 
would consider that the histaminase content of the amniotic fluid 
has a purpose of its own, viz. to inactivate immediately the bio- 
logically active histamine molecules which have come into the 


amniotic fluid from the fetus. 
The High Histaminase Activity of the Blood and the Placenta 
Haemochorialis in Pregnant Women. — The histaminase molecule 
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probably does not easily pass through the endothelium of a venous 
capillary, in other words it does not come from the interstitial fluid 
into the blood. In favour of this are the following facts: 1) Man 
and many animals have in several organs, such as kidneys, lungs, 
liver, and the mucous membrane of the intestine, a very strong 
histaminolytic activity, but hardly at all in the blood, except in 
human pregnancy. The appearance of histaminase in very small 
amounts in the blood of men and non-pregnant women is perhaps 
partly due to the possibility that histaminase may come to blood 
from the lymph through the ductus thoracicus. Carlsten, Kahlson, 
and Wicksell (8) have demonstrated that the lymph of the dog 
contains over 30 times more of histaminase than the blood plasma; 
the histaminase molecules consequently pervade the wall of the 
lymphatic capillaries, in case it exists. 2) The histaminolytic power 
of the venous blood of the umbilical cord of a new-born infant is 
about 1/100—1/1000 of the histaminolytic activity of the maternal 
blood and nearly on the same level as in the blood of men and 
non-pregnant women (21), although the histaminase content of the 
pericapillary tissue of the villi is still greater than that of the 
maternal blood. 

The strong increase in the histaminase content of the woman’s 
blood may be explained by the fact that the so-called placenta 
haemochorialis is formed in man, i. e. the capillaries of the 
maternal component of the human placenta lose their endothelia, 
and intervillous spaces are formed. As the decidua compacta 
according to Swanberg’s (21) investigations is the main producer 
of histaminase in pregnant woman, it can be easily understood 
that histaminase can freely pass from the decidua into these 
intervillous spaces and into the maternal blood. The fetal blood, 
on the other hand, circulates in the region of the placenta 
foetalis in the capillaries covered by the endothelial cell layer 
and basement membrane. 

Histamine, intravenously, is a very strong poison. Even 20— 
30 wg cause remarkable effects in man. In general it is also probable 
that the cells of the organism almost »feel the effect of even sepa- 
rate histamine molecules. The investigations of Rosenthal and 
Sonnenschein (20) on the effect of histamine on the intracutaneous 
end-organs of pain nerves suggest this. Even such a little amount 
as 0.01 ml of histamine solution 10—18, containing, according to 
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Avogadro’s law, 54 histamine molecules, caused a perceptible pain 
sensation. 

When the syncytial trophoblast after the implantation of the 
egg begins to take nourishment from the surrounding decidual 
tissue, from the decomposing decidual cells numerous molecules 
of histamine are probably liberated. Against this histamine the 
chorionsyncytium has probably even at an early stage a histamino- 
lytic enzyme at its disposal, similarly to the decidual cells. When 
the primitive villi of the trophoblast gradually destroy the decidual 
capillaries, a free way for the histamine molecules liberating from 
necrotic decidual cells is opened to get directly in the maternal 
blood and in the circulation of blood. Now it is important that 
the maternal blood receives sufficiently and quickly a histamino- 
lytic enzyme in order to inactivate the histamine molecules in 
the blood. According to Swanberg it is probable that the decidua 
in normal cases guarantees that histaminase is formed in a suffi- 
cient amount. Thus it is very probable that for the protection of 
the maternal organism and before all the musculature of the uterus 
and simultaneously indirectly for sheltering of the development 
of the embryo the decidua produces histaminase and that in large 
quantities due to the fact that it, because of the developing placenta 
haemochorialis, would be sufficient to increase the histaminolytic 
activity of the total maternal blood high enough and to compen- 
sate for the losses due to the elimination of the enzyme in blood 
circulation. 

Consequently, I consider it as probable that the primary purpose 
of the histaminase production of the decidua is the inactivation 
of the histamine molecules which are liberated at the implantation 
and development of the ovum in the decidua. The histaminolytic 
power of the chorion, about 25 mg/g/h., is probably satisfactory 
for local actions. The histaminase production of the decidua is 
much greater, because it produces this enzyme for the total 
maternal blood supply. 


SUMMARY 


The human amniotic fluid contains nearly as much of hista- 
minase as the maternal blood. 

Histaminase is also present in the amnion, even in a larger 
amount than in the amniotic fluid. The hypothesis has been pre- 
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sented that the amniotic epithelium actively produces histamino- 
lytic enzyme and transfers it to the amniotic fluid. In spite of 
this, the diffusion of histaminase from the chorion or even from 
the decidua into the amniotic fluid is not considered as impossible. 

The amniotic fluid contains sometimes biologically active his- 
tamine which has been assumed to originate from the fetus. 

The hypothesis is put forward that the strong increase in the 
histaminolytic enzyme activity appearing during pregnancy in 
human blood, which in this respect differs from that of animals, 
is a direct consequence of the development of the placenta haemo- 
chorialis. 
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THE EFFECT OF TETRA-AETHYLAMMONIUM BROMIDE 
ON ARTHRITIS 
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In arthritis there are features suggesting that disturbances of 
vasomotor nervous system participate in the development of 
symptoms. This is the case in acute arthritis, where abundant 
perspiration is often present; in rheumatoid arthritis, perspiring 
pallor, skin atrophies, daily changes of symptoms and their depen- 
dence on various factors, such as changes of climate, mental con- 
ditions, etc., point to vasomotor reasons. The same applies to 
gout, which is considered by many (Anglo-Saxon) writers pri- 
marily a vasomotoric disease and only secondarily a disease of 
metabolism. 

Considering this state of things we decided to study the part 
played by the autonomic nervous system in the development of 
symptoms of arthritis. 

Even as early as 1929 Rowntree and Adson (3), and in 1931 
Moore (2), found that sympathectomy can be beneficial in poly- 
arthritis. Since tetra-aethylammonium bromide (Etamonin »Astra») 
possesses e.g. astrong blocking effect on sympathetic impulses, we 
studied its effects on formaldehyde arthritis in rats. 


Our working methods have been explained elsewhere (1). In 
the present work we injected 6 adult male albino rats daily with 2 mg 
of Etamonin intraperitonelly on seven successive days. After the third in- 
jection of Etamonin the rats were given an injection of formaldehyde in 
the manner described in our previous work. The strength of reaction 
was observed daily. Seeing that the rats seemed to tolerate the dose of 
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Etamonin well, we gave them, after the second injection of formaldehyde, 
which was given on the fifth day, 8 mg of Etamonin on the very same 
day, and after that 6 mg daily for 6 days. The rats also tolerated these 
doses of Etamonin well. 

As controls we used six adult male albino rats, which lived under uni- 
form conditions of diet and management as the rats treated with Etamo- 
nin. They got an injection of formaldehyde on same days with the rats 
treated with Etamonin. 


In blood examinations it was established that the first for- 
maldehyde injection did not cause distinct changes in the sedi- 
mentation rate, neither did it have any effect on the quantity of 
eosinophil cells circulating in the blood of both the experimental 
animal groups. The differential count of leucocytes showed no 
clear changes either. 

On the contrary, there were differences in degree of oedema 
and skin changes to be observed in both groups, as Tables 1 
and 2, and Fig. 1 indicate. 


TABLE 1 


CHANGES IN FEET ON THE FIFTH DAY AFTER THE 1ST FORMALDEHYDE INJECTION 























Control Rats| Etamonin Rats 
fC) i oa ae _ = 
Strong swelling 1 — 
Moderate » | 7 
Slight » 2 3 
[SVANGSIS © ois 'sin.<oeKi 1 -- 
Seo) eo ae 6 3 
Sle — _ 
PICONDEIS.  Sic5. sieu ec 1 slight 2 slight 





A clear abscess formation was established in three feet of the 
rats treated with Etamonin after the second formaldehyde injec- 
tion, and the abscess proved to be bacterial as shown by bacterio- 
logical examination (B. faecalis alcaligenes). The feet were left 
outside the experimental series. The formation of abscess may be 
due to cage infection. The rats treated with Etamonin were in one 
single cage and separated from the control group. Thus it is to be 
understood that the control rats did not get the same infection. 
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CHANGES IN FEET ON THE 6TH DAY AFTER THE SECOND FORMALDEHYDE INJEC- 
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It is to be established on the basis of Table 1 that there were 


no clear differences in either of the experimental groups within 


five days after the first formaldehyde injection. 
It can be seen from Table 2 that on the sixth day after the 


second formaldehyde injection, when Etamonin had been given in 
doses of 6 mg daily, the tendency to improve was great in rats 


treated with Etamonin. 
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The advantageous effect of Etamonin on swelling is, however, 
most clearly to be noted from Fig. 1, where the cubic measures of 
hind feet are given on each day of measurement. 

Fig. 1 shows that an intraperitoneal dose of 2 mg Etamo- 
nin daily slows down the development of reaction, so that sym- 
ptoms reach their maximum strength one day after the formal- 
dehyde injection only. A dose of 6 mg of Etamonin daily greatly 
protects the reaction caused by second formaldehyde injection, 
following which e.g. on the sixth day after the second formal- 
dehyde injection the cubic measures of hind feet in rats treated 
with Etamonin are clearly smaller than those of the control rats. 

The experimental results point to the possibility that the treat- 
ment with Etamonin may have protecting effect on formaldehyde 
arthritis in rats. The results depend on the dose used. It would, 
therefore, be of interest to study the effect of tetra-aethylammo- 
nium bromide on human arthritis. 


While our investigation was in progress, we came across the publica- 
tions of Howell (Lancet 1950:258:204) and Heyman, Lewin and Wassén 
(Lancet 1950:258:642), showing that tetra-aethylammonium bromide has a 
pain-relieving effect on human arthritis. 
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Selye (16) and Brownlee (2) have established that it is possible 
to produce in joints of rats with formaldehyde injections inflam- 
matory symptoms, which histologically resemble the changes of 
human arthritis. 


Brownlee injected 0.1 cc of 2 per cent formaldehyde in the hind feet 
of rats, just beneath the aponeurosis, whereby reactional arthritis was 
produced, which subsided in 2—3 days. Another injection of formaldehyde 
produced an acute reaction anew, which again subsided in 2—3 days. 
About five or six days after the first hyperaemic and oedematous response 
a chronic reaction began, slower in onset, and now distributed round the 
ankle joint. Day-to-day changes in the inflmmatory process were recorded 
by measuring the linear cross-section, immediately below the ankle, 
between the central aspect ot the plantar aponeurosis and the extensor 
hallucis dorsis with a pair of engineer’s screw callipers. 


In his experiments Brownlee established that daily parenteral 
doses of deoxycortone of 1 mg with 20 mg of ascorbic acid protect 
normal rats against formaldehyde induced arthritis. In normal 
rats, ascorbic acid 20 mg parenterally offers same slight protection, 
and contrary deoxycortone 1 mg daily, parenterally given, exacer- 
bates the formaldehyde induced arthritis in normal rats. 

Lewin and Wassén (12) published observations on the advan- 
tageous effect of deoxycortone plus ascorbic acid treatment on 
polyarthritis patients. Afterwards many others (5, 7, 11, 13, 14, 
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15, 17, 19) have observed the same thing and nowadays this treat- 
ment is a routine method in many countries. 

Lately, however, numerous writers (3, 4, 6, 8, 9, 10, 18) have 
come to a negative conclusion as to the treatment with deoxy- 
cortone and ascorbic acid. Some even warn against it on account 
of accelerated tendency to oedema and blood pressure. 

Considering that opinions about the importance of deoxycor- 
tone and ascorbic acid treatment greatly differ, we have made 
experiments in this matter. 


EXPERIMENTAL TECHNIQUE 


The animals used in these experiments were adult male albino rats, 
which lived under uniform conditions of diet and management. The weights 
of the rats varied between 150—230 g. Six rats were given, during three 
days, 1 mg of deoxycortone (Percorten »Ciba») subcutaneously and 
directly afterwards (Maximum time 5’) 20 mg of ascorbic acid intraperi- 
toneally. On the third day the rats were injected with 0.1 cc of 2 per cent 
formaldehyde without anaesthesia, or without local anaesthesia in hind 
feet, just beneath the aponeurosis. After the acute reaction had subsided 
in 5 days, the rats were given another injection of formaldehyde in the 
manner described above. 

The rats were given deoxycortone and ascorbic acid daily for 10 days. 
The strength of reactions was followed daily for 11-days. The control rats, 
6 in all, were given an injection of formaldehyde in the manner described 
and on the same days with the rats, which were treated with deoxycortone 
plus ascorbic acid. The reactions were followed daily for 11 days. 

During the experiment the sedimentation rate and differential count 
of leukocytes were observed both before and after the first injection of 
formaldehyde. The reactions were followed daily by the naked eye, and the 
swellings by measuring them. 

Method of measurement. — The cubic measure of both hind feet of each 
rat was taken so that the hind foot was submerged up to the ankle joint 
into a test tube of 14 mm in diametre, the tube being filled with water, so 
that the most prominent part of the joint was at the height of the tangen- 
tial upper level of the test tube. The rat was lowered so much during the 
measurement that the foot, beginning from the heel joint, was parallel 
with the vertical axis of the test tube. The foot was lifted out of the water 
and the tube refilled with a pipette. The water temperature was kept at 
18° C. Each time three measurements were made of each hind foot. Dis- 
persion (in 420 measurements) was + 0.02 cc of water. At the risk of 5 per 
cent the confidence interval was + 0.04 cc water. 


The method of measurement proved to be technically easy. 
In our opinion it gives a clearer picture of the extent of swelling 
than a mere circumference measurement. 
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The injection of formaldehyde succeeded well even without 
an anaesthesia and only twice haematoma appeared directly after 
the injection as a sign of a blood vessel lesion. Haematoma feet 
were excluded from the observation series. 

In the final examination it was found that one hind foot of 
one of the rats treated with deoxycortone and ascorbic acid had 
developed an abscess, which proved to be bacterial, as ascertained 
by bacteriological examination. (B. faecalis alcaligenes). The foot 
was not included in the observation series. 

It may be said about the blood examinations that sedi- 
mentation rate, which was each time under 12 mm an hour before 
the injection of formaldehyde, did not substantially change in 
either group. 

There was no eosinophilia before the injection of formaldehyde 
(the values varied from 0 to 1.0 per cent in both groups) and it was 
not detected after the injection either. No diminishing of the 
quantity of eosinophilic cells could be observed, either in the 
deoxycortone plus ascorbic acid or in the control group. It may be 
said in this connection that Blackburn and Burke (1) could not 
establish during deoxycortone and ascorbic acid treatment any 
changes in the quantity of eosinophilic cells in peripheral blood in 
man. 

On the contrary, it was observed that formaldehyde injection 
caused in rats treated with deoxycortone and ascorbic acid a 
distinct percentual rise in the quantity of neutrophil leukocytes 
(Tab. 1). 











TABLE 1 
Control Rat No. | petore Formaldehyde | after Formaldehyde 
Injection Injection 
St. S. St. : 
1 1.0 14.0 0.5 27.5 
2 0.5 11.0 — _ 
3 1.5 24.5 0.5 15.0 
4 1.0 20.5 1.5 18.0 
5 0.5 27.5 1.5 28.0 
6 0.0 5.0 — — 
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Deoxycortone plus Neutrophils per Cent Neutrophils per Cent 
Ascorbic Acid before Formaldehyde after Formaldehyde 
Rat No. Injection Injection 

St. S. St. S. 
1 1.0 28.0 1.0 37.0 
2 0.5 11.5 0.5 21.0 
3 0.0 8.5 0.5 23.0 
4 15 35.0 0.5 44.5 
5 1.0 17.5 1.0 36.5 
6 0.5 24.0 0.5 42.0 

















The relative growth of neutrophil leukocytes observed in rats 
treated with deoxycortone and ascorbic acid is to be attributed to 
stronger reaction of formaldehyde in this group than in the control 
rats, which fact again is to be seen in Tables 2 and 3. 

To determine the strength of the reaction, the extent of the 
swelling as observed by the naked eye; cyanosis, any tendency to 
necrosis, scaling, as well as wrinkling of skin were followed. 














TABLE 2 
CHANGES IN FEET ON THE FIFTH DAY AFTER THE FIRST FORMALDEHYDE INJEC- 
TION 
Deoxycortone and 
ene Sas Ascorbic Acid Rats 
Ninel WS ssees tics sue ~— — 
Strong swelling ...... 1 3 
Moderate » _....... 7 4 
Slight S ~basde 2 4 
ROW MENIB ene Sis siots wars 1 2 
POM: sakes onkescm 6 — 
WVGIDKAING 5... osc esos _ —_ 
PIPINIRIS: 9 ite sis'er oes 1 slight 3 (2 strong, one 
| slight) 














Wrinkling and scaling of the skin began to appear when the 
swelling was subsiding and were thus a sign of improvement. The 
necrosis occurred, with the exception of one case, between the first 
and second toe on the dorsal aspect of the foot. It can be further 
observed in Tables 2 and 3 that the reaction following the formal- 
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TABLE 3 


CHANGES IN FEET ON THE SIXTH DAY AFTER THE SECOND FORMALDEHYDE 
INJECTION 








Deoxycortone and 


Control Rats Ascorbic Acid Rats 





i) Ui | ee 3 1 
Strong swelling ...... — ~_ 
Moderate 8 ..<ess — = 








Slight Mm ees 5 3 
CVANGRIS: | chiscieiicoee ec 1 5 
ro) | le Re —_ _ 
WERBIM oo. 5.50055 3s 0s 3 -- 
PMOCIOBIS: $0 e2sisi2/6. 510s ws 2 slight 3 medium 











dehyde injection was distinct in both experimental groups five 
days after the first injection, whereas on the sixth day after the 
second injection a healing tendency was to be observed. 

Fig. 1 demonstrates the mean cubic measures as noted in daily 
measurements of hind feet uf the animals in both experimental 
groups. In both groups a strong reaction (swelling) was to be seen 
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in less than one hour. In control rats the reaction after the first 





§ 
: 


formaldehyde injection began to disappear in 24 hours, disappear- | 


ing gradually during the next following days. The second formal- 
dehyde injection again caused, in the control rats, a strong and 
quick reaction, which subsided gradually. The cubic measure of 


feet was still considerably big on the sixth day after the second © 


formaldehyde injection, proving that secondary changes of arthri- 
tis (Selye, Brownlee) were still prominent. 

The rats treated with deoxycortone and ascorbic acid retained 
the reaction strongly during several days. It was clearly stronger 
than in the control group. The second injection, on the other hand, 
caused a slighter reaction than the first one, and a lesser accelera- 
tion of reaction than in the control group. The reaction, however, 
in this case was again liable to last rather long. 

One gets the impression that the reaction ability in the deoxy- 
cortone and ascorbic acid rats was exhausted with the first injec- 
tion of formaldehyde, so that some kind of relaxation on the reac- 
tion ability could noted. Thus the second formaldehyde injec- 
tion could not produce any strong acute reaction any more. 

In Fig. 1 it can be seen that treating rats with deoxycortone 
and ascorbic acid has not been able to protect them against for- 
maldehyde arthritis. On the contrary, it seems as though this treat- 
ment would contribute to development and duration of arthritis 
swellings. 


SUMMARY 


Experiments on the effects of deoxycortone and ascorbic acid 
therapy on formaldehyde arthritis in rats have been carried out. 
It has been observed that daily parenteral doses of deoxycortone, 
1 mg with ascorbic acid 20 mg, are not able to protect normal 
rats against formaldehyde induced arthritis. On the contrary, 
observations have been made to show that such a treatment 
might have an accelerating effect on the development of arthritis. 
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FROM THE DEPARTMENT OF SEROLOGY AND BACTERIOLOGY, UNIVERSITY OF 
HELSINKI 


DOES THE INCUBATION OF E.COLI IN NUTRIENT BROTH 
CONTAINING AN ANTIBIOTIC SUBSTANCE CAUSE 
CHANGES ALSO IN RESISTANCE TO 
OTHER ANTIBIOTICS? 


By 


W. J. KAIPAINEN 
(Received for publication August 8, 1950) 


There are several investigations on the increase of the resistance 
of bacteria to antibiotics. Harvey, Mirick and Staub (2) isolated 
from blood a strain of Streptococcus faecalis before and after aureo- 
mycin treatment. The resistance of the latter strain to aureomycin 
was slightly increased but the sensitivity to penicillin had not 
undergone any changes. Alexander, Leidy and Redman (1) culti- 
vated different micro-organisms in nutrient broth containing 
streptomycin whereat there grew strains resisting to streptomycin. 
Nevertheless, no strains were found among them which would 
have been resistant to polymyxin B, chloromycetin, or aureo- 
mycin. 

When we treated a woman, 62 years of age, with aureomycin 
because of a chronical pyelonephritis (E.coli) the sensitivity of 
the isolated strain to aureomycin, chloromycetin, and dihydro- 
streptomycin was determined before starting the treatment. The 
patient was given 2 g of aureomycin for 24 hours. In 10 days the 
urine was free from bacteria. Aureomycin was given for further 
three days. Two days after that there was E.coli again in urine. 
The sensitivity of E.coli to aureomycin and chloromycetin was 
now lover than that of the original strain. However, the sensi- 
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livity of the strains isolated before and after the treatment was 
the same to dihydrostreptomycin. 

Assuming that these strains isolated from the patient were 
the same ones, the observations would suggest that the resistance 
to chloromycetin could be increased simultaneously with increasing 
resistance to aureomycin. Therefore investigations were carried 
out in vitro with three strains of E.coli when E.coli was incubated 
in a nutrient broth containing aureomycin or chloromycetin or 
dihydrostreptomycin. The object was to find out whether the 
resistance to this antibiotics would thus be increased. Any simul- 
taneous changes in the sensitivity to other antibiotics were also 
studied. 

Technique. — The following method was used: a water solution 
of the antibiotic (1 mg/ml) was measured in tubes n:o 1 and 2, 
0.5 ml in each. 0.5 ml of distilled water was pipetted in tubes n:o 
2, 3, and so on. From the second tube with 0.5 ml of antibiotic 
solution and 0.5 ml of water were 0.5 ml transferred in tube 3, 
and from this 0.5 ml into the subsequent tube a.s.o. A bacterial 
suspension was prepared of 24-hours broth culture diluting it to 
10~4 with sterile broth. Of this suspension 1.5 ml was measured 
into each tube. Thus a dilution series was obtained in which the 
concentration of antibiotic decreases in the subsequent tube by 
one half (250 ug/ml, 125 ug/ml a.s.o.). The tubes were closed with 
cotton wool and placed in an incubator for 24 hours. When the 
results of growth were read even a slight turbidity was considered 
positive. For the subcultures the bacteria always were taken from 
the first turbid tube. After seven transfers the sensitivity to other 
antibiotics was determined, independent of whether the resistance 
to the primary antibiotic was increased during the transfers or not. 

The increase in the resistance to primary antibiotic was dif- 
ferent for each of the E.coli strains. The resistance of strain 1 to 
aureomycin and chloromycetin increased but not to dihydro- 
streptomycin. The sensitivity of strain 2 to aureomycin remained 
unaltered, the increase in the resistance to chloromycetin was 
only doubled, but the resistance to dihydrostreptomycin was 
considerably increased. The resistance of strain 3 was increased to 
each of the three antibiotics (Table 1). 
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TABLE 1 


THE RESULTS OF THE CHANGES IN THE RESISTANCE OF E.COLI TO AUREOMYCIN 
(A), CHLOROMYCETIN (C), AND DIHYDROSTREPTOMYCIN (S) IN A 7-DAY CULTURE 
IN NUTRIENT BROTH CONTAINING RESPECTIVE ANTIBIOTICS 


A Cc Ss 
E.coli str. 1 ++ ++ = | 
» 9 2 —- + ++ 


» » 3 ++ +4 + 
The increase of the resistance 2—8 -fold +. 
» » » >» » 16 » or more ++. 
No increase —. 
The effect of incubation with aureomycin to the resistance against 
chloromycetir and dihydrostreptomycin. 
We find that the aureomycin caused a simultaneous increase 
of the resistance to chloromycetin in strains 1 and 3. Strain 2 
remained as sensitive to chloromycetin as before. It was the strain 
for with the resistance even to aureomycin was not increased. 
The sensitivity to dihydrostreptomycin was never decreased, in 
contrary an opposite tendency was observed (Table 2). 
TABLE 2 


SENSITIVITY TO AUREOMYCIN, CHLOROMYCETIN AND DIHYDROSTREPTOMYCIN OF 
THE THREE E.COLI STRAINS AFTER SEVEN TRANSFERS IN BROTH CONTAINING 
AUREOMYCIN (CONCENTRATIONS INHIBITING VISIBLE GROWTH g/ml) 


Aureomycin Chloromycetin Dihydrostreptomycin 

Before After Before After Before After 
E.coli str. 1 0:97 31.2 3.9 62.5 0.97 0.48 
» » 2 1.9 1.9 3.9 3.9 3.9 0.97 
» » 3 1.9 62.5 15.6 250 15.6 3.9 


The effect of incubation with chloromycetin to the resistance against 
aureomycin and dihydrostreptomycin. 

The resistance to aureomycin was simultaneously slightly 
increased by incubation with chloromycetin in strains 1 and 2, 
and even more in strain 3. The resistance to dihydrostreptomycin 
shows a slight decrease in all strains (Table 3). 


TABLE 3 


SENSITIVITY TO CHLOROMYCETIN, AUREOMYCIN AND DIHYDROSTREPTOMYCIN 
OF THREE E.COLI STRAINS AFTER SEVEN TRANSFERS IN BROTH CONTAINING 
CHLOROMYCETIN (CONCENTRATIONS INHIBITING VISIBLE GROWTH g/ml) } 


Chloromycetin Aureomycin Dihydrostreptomycin 
Bevore After Before After Before After 
E.coli str. 1 3.9 250 0.97 3.9 0.97 0.24 
» » 2 3.9 7.8 1.9 3.9 3.9 0.97 


» » 3 15.6 500 ao 31.2 15.6 7.8 
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The effect of incubation with dihydrostreptomycin to the resistance 
against aureomycin and chloromycetin. 

The sensitivity to aureomycin was slightly increased in all 
strains. The sensitivity to chloromycetin was increased as well 
in strains 2 and 3, but remained unaltered for strain 1 (Table 4). 


TABLE 4 


SENSITIVITY TO DIHYDROSTREPTOMYCIN, AUREOMYCIN AND CHLOROMYCETIN 
OF THREE E.COLI STRAINS AFTER SEVEN TRANSFERS IN BROTH CONTAINING 
DIHYDROSTREPTOMYCIN (CONCENTRATIONS INHIBITING VISIBLE GROWTH jg/ml) 


Dihydrostreptomycin Aureomycin Chloromycetin 

Before After Before After Before After 

E.coli str. 1 0.97 0.97 0.97 0.48 3.9 3.9 
» » 2 3.9 125 1.9 0.48 3.9 0.97 

» > 3 15.6 125 1.9 0.24 15.6 1.9 


On the base of the above results we find that an increased 
aureomycin resistance seems to be accompanied by an increased 
chloromycetin resistance. As well, there is an increased aureo- 
mycin resistance as result of an increased chloromycetin resistance. 
The effect of aureomycin and chloromycetin on the increase in 
the sensitivity to dihydrostreptomycin is relatively slight. Neither 
is the effect of dihydrostreptomycin on the sensitivity to aureo- 
mycin and chloromycetin quite clear. 

In the investigations of the effects of aureomycin and chloro- 
mycetin on phosphorylation Loomis (3) came to the result that 
aureomycin and chloromycetin have different influencing mecha- 
nisms. The results in Tables 2 and 3, however, suggest that aureo- 
mycin and chloromycetin would have somehow also a similar 
influencing mechanism on E.coli. Obviously, dihydrostreptomycin 
seems to have a different influencing mechanism. 


SUMMARY 


1. Increased aureomycin resistance of E.coli caused an in- 
creased resistance to chloromycetin. 

2. Increased chloromycetin resistance caused an increased 
resistance to aureomycin. 

3. The resistance of the E.coli strains influenced by the dihydro- 
streptomycin was not increased to aureomycin and chloromycetin. 
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FROM THE DEPARTMENT OF MEDICAL CHEMISTRY, UNIVERSITY OF HELSINKI, 
AND FROM THE FIRST CENTRAL MILITARY HOSPITAL 


BLOOD SUGAR, PHOSPHORUS FRACTIONS AND PULSE 
PRESSURE IN PATIENTS WITH EFFORT SYNDROME 


PRELIMINARY REPORT 


By 


OSMO HELVE and AIMO PEKKARINEN 
(Received for publication October 14, 1950) 


In recent years increasing attention has been paid to possible 
disturbances in the intermediary metabolism in connection with 
effort syndrome. It seems that the closely related carbohydrate 
and phosphorus metabolisms have been very little studied in 
this respect and therefore astudy of these phenomena seemed to 
us desirable. 


MATERIAL AND METHODS 


The series consisted of 12 army recruits, aged about 20, with 
effort syndrome: it is well known that symptoms characteristic 
of this group often occur in recruits. Diagnosis was made on the 
basis of past history and clinical examination. Breathlessness, 
sighing, palpitation, fatigue, sweating, nervousness, dizziness, and 
left inframammary pain were symptoms. Examination showed no 
signs of organic disease, but lability of the pulse rate occurred, 
also lability of the blood pressure and cardiographic changes in 
the T-wave, both varying with the position of the patient. The 
red cell count, the hematocrit value, and the number of leuko- 
cytes were entirely normal (Hemoglobin, Sahli 80—92, red cell 
count 4.81—5.80 mill. per cu.mm, leukocytes 4400—9600 per 
cu.mm. 
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The following phosphorus fractions were studied in whole 
blood: inorganic phosphate, pyrophosphate-P, hexosephosphate-P 
diphosphoglyceric-acid-P, total acid-soluble-P, total-P; and in 
plasma: inorganic phosphate, total-P, total lipid-P and ether- 
soluble lipid-P. The phosphorus fractions and the methods of 
determining them have been described previously (Helve 1946), 
The phosphorus distribution in the filtrate was determined directly 
chiefly by Bomskov’s method (1932), the lipid-P according to 
Kalaja (1939) and blood sugar by the method of Hagedorn and 
Jensen. 

RESULTS 


Table 1 shows the phosphorus fractions and the blood sugar 
individually and the averages. In table 1 are also the normal mean 


TABLE 1 
BLOOD SUGAR AND BLOOD PHOSPHORUS IN EFFORT-SYNDROME 


B=Whole blood; P=Plasma; Tlp=Total lipid phosphorus; Elp=Ether- 
soluble lipid phosphorus 
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TABLE 2 


42 CONTROL PERSONS (HELVE, 1946) 








Mean 2.9 | 3.2| 4.6 | 3.2| 12.4] 23.1 | 37.0 | 11.2] 8.5| 8.2 
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phosphorus fractions noted by one of us (Helve 1946) in 42 normal 
persons; in the present investigation these values served as controls 
Abnormalities observed in certain diseases have been reported 
earlier (Helve 1946, 1947, Jokivartio and Helve 1946, v. Bagh 
and Helve 1946). 

1. Blood Sugar. — This was 85 mg. percent, a figure corres- 
ponding to the normal. 

2. Inorganic Phosphate. — In whole blood this was 3.3 mg. 
per cent and in plasma 3.1 mg. per cent. Compared with the control 
values (whole blood 2.9 and plasma 3.2 mg. per cent) these can 
be considered normal. 

3. Pyrophosphate-P. — In whole blood this fraction was 2.7 mg. 
per cent. Compared with the control (4.6 mg. per cent), whole 
blood pyrophosphate-P was low. Control tests were made on a 
few normal recruits and the pyrophosphate values obtained were 
about equal. 

4, Hexosephosphate-P. — Whole blood contained 4.9 mg. per 
cent of this fraction, i.e. slightly more than the average hexose- 
phosphate-P in the control series (3.2 mg. per cent). 

5. Diphosphoglyceric Acid-P. — In whole blood this was 15.1 
mg. per cent-about the same as previously noted in normal indi- 
viduals (12.4 mg. per cent). 

6. Total Acid-soluble-P. — In whole blood there was 27.1 mg 
per cent, whichpractically equals the normal total acid-soluble-P 
content (23.1 mg. per cent). 

7. Total-P. — This was 32.2 mg. per cent in whole blood and 
10.7 mg. per cent in plasma. Comparison with the control figures 
shows that the total-P of whole blood was slightly lower, and 
that of plasma practically equal to the normal (whole blood 37.0 
mg. per cent and plasma 11.2 mg. per cent). 

8. Total Lipin-P. — In plasma this was 7.5 mg. per cent- 
about the same as previously noted in normal individuals (8.3 
mg. per cent). 

9. Ether-soluble Lipin-P. — Plasma _ contained ether-soluble 
lipin-phosphate 6.6 mg. per cent, i.e. slightly less than the normal 
control value (8.3 mg. per cent). 

With the object of clarifying the intermediary metabolism we 
have a study of the effect of adrenaline and noradrenaline infusion 
on the carbohydrate and phosphorus metabolisms of patients with 
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effort syndrome in progress. Noradrenaline, which is a powerful 
general vasoconstrictor (Goldenberg, Pines, Baldwin, Greene and 
Roh 1948, Barcroft and Konzett 1949, Kroneberg 1950), usually 
affects metabolism but slightly. It causes a much smaller change 
in the blood sugar and phosphorus fractions than adrenaline which 
exercises a powerful effect on the carbohydrate and phosphorus 
metabolism. 

The fact that the action of adrenaline and noradrenaline on 
the circulation differs, stimulates interest in the effect produced 
by constriction of the peripheral blood vessels on patients with 
effort syndrome. Adrenaline is a pure sympathicomimeticum which 
accelerates the heart rate (causes tachycardia) whereas noradre- 
naline retards the heart rate by reflex vagal inhibition (Golden- 
berg et. al. 1948, Barcroft et al. 1949, Kroneberg 1950). Compared 
with the effect of adrenaline infusions on the pulse pressure of 
normal persons, previously studied by Pekkarinen and Hortling 
(1950), it appeared that the pressure increases slightly more in the 
patients with effort syndrome (Helve and Pekkarinen 1950) be- 
cause the alteration in both the systolic and diastolic pressure is 
greater. It seems that, during noradrenaline infusion, the circula- 
tory regulation, caused by the blood pressure reaction and brady- 
cardia, is of importance in studying the effort syndrome. — Both 
noradrenaline and adrenaline provoked similar sensations, especially 
in the area of the heart, as the patients had had earlier. During 
noradrenaline infusion the patients feel calmer than when adre- 
naline is administered, but the symptoms observed during adre- 
naline infusion resemble more closely the patients’ earlier symptoms. 

It is possible that a parallel study of the effects of these drugs 
may throw additional light on the mechanism of effort syndrome. 
Further studies on this question are in progress. 


COMMENT 


Comparing the blood phosphorus fractions of patients with 
effort syndrome with those obtained with normal controls (possibly 
affected by the war time and postwar food situation), distinct 
changes are observed only in the pyrophosphate-P of whole blood. 
But when the blood pyrophosphate-P of our patients is compared 
with that of some healthy soldiers of the same age, both groups 
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show the same values. Thus there is not even in this fraction any 
abnormality which may be considered typical of effort syndrome. 
The differences observed in the other phosphorus fractions of the 
patients as compared with the earlier control cases are also slight. 

The sensations caused in the patients by adrenaline and nor- 
adrenaline infusion are of interest: they are similar to those that 
the patients complained of on admission. Adrenaline infusion is 
found to increase the pulse pressure slightly more in the patients 
than in the normal subjects studied. We are continuing our studies 
on the effect of adrenaline on the circulation and metabolism of 
these patients, for instance on blood sugar, lactic acid, phosphorus 
fractions, potassium, and cholesterol. 


SUMMARY 


1. The blood sugar and phosphorus fractions of 12 patients 
with effort syndrome have been studied. They showed no definite 
alteration characteristic of this syndrome. 

2. The effect of adrenaline and noradrenaline infusion on the 
circulation and on the chemical composition of blood was studied. 
Preliminary results suggested that adrenaline increases the pulse 
pressure of these patients slightly more than that of normal sub- 
jects. Adrenaline and noradrenaline infusion provoke sensations 
in the patients similar to those of which they had complained on 
admission. 
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INCREASE IN ADRENALINE TOLERANCE DUE TO 
REPEATED ADRENALINE INJECTIONS 


By 
D. ECKERT, M. PAASONEN and P. PELTOLA 


(Received for publication Jan. 15, 1951) 


Experience gained in the clinical use of adrenaline, as well as 
certain experimental investigations, seems to indicate that fre- 
quently repeated adrenaline injections produce habituation to this 
substance. However, this opinion is not generally accepted, and 
among clinicians, in particular, it is practically unknown. 

To study the question, Abderhalden and Slavy (1909) carried 
out experiments with mice, in which, by repeated subcutaneous 
adrenaline injections, they endeavoured to bring about increased 
resistance to adrenaline. Their experimental material comprised 
some 30 mice of 12—13 g in weight, into which they injected l-adre- 
naline in increasing doses, the initial dose being 0.01 mg. Mice 
treated in this way tolerated adrenaline even in amounts of 0.1 mg, 
doses that were lethal to untreated mice. Similarly they found 
that d-adrenaline produced habituation to l-adrenaline. Abder- 
halden and Kautzsch (1909) found that habituation is best achieved 
if suprarenine is injected every other day, and they succeeded in 
this way in attaining doses that were even 20 times higher than 
the dose lethal to untreated mice. No reduction in resistance could 
be found for at least ten days after the discontinuation of the 
injections. With experiments carried out on rabbits, Waterman 
(1909, 1911) found that the quantity of l-adrenaline which normally 
always produces glycosuria when subcutaneously administered no 
longer had this effect when its administration was preceded by 
increasing d-suprarenine injections. The resistance produced in 
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this way persisted from 9 to 35 days. Similarly, Ohakawa (1940) 
found increased adrenaline resistance in rabbits after repeated 
subcutaneous injections. In his experiments he injected rabbits 
subcutaneously, for 25—67 days, with 0.05—0.5 mg of adrenaline 
per kg of body weight. The hyperglycemia produced by the injec- 
tions, similarly as the quantity of sugar excreted into the urine, 
decreased from time to time. 

On the other hand, however, certain observations dispute an 
increase in adrenaline resistance. For instance, Kiilbs (1905) and 
Gouget (1909) found, in experiments carried out with rabbits, that 
sometimes even doses that the test animals tolerated very well 
could later prove lethal. Similar sensitization to adrenaline was 
found by Bonnamour and Thévenot (1909) with guinea-pigs. Nor 
did Gasparsi (1937), in his experiments with guinea-pigs, ascertain 
any habituation, but the test animals died in a short time. Experi- 
ments have also been carried out to study whether repeated adre- 
naline injections at short intervals, i.e. at intervals of some minutes 
or hours, can affect the adrenaline tolerance. In such experiments 
Danielopolu and Marcu (1939), using dogs and cats as test animals, 
have shown that, depending on the interval between the adrenaline 
injections, the result is either habituation or sensitization to 
adrenaline. 

As is seen from the above, the test results are fairly contra- 
dictory. However, as repeated adrenaline injections often have to 
be used clinically, e.g., in connection with more severe asthma 
attacks, we considered it necessary to carry out investigations into 
the problem, particularly as earlier experiments were often carried 
out of with quite small numbers of test animals, the reliability of 
test results naturally being often uncertain. 


PRESENT INVESTIGATIONS 


The test animals used were white mice, weighing 17—25 g, 
kept at room temperature (18—20°C), fed during the experiment 
with food consisting of white bread, rolled oats, water, and milk. 

The adrenaline used in the experiments (Adrenal »Orion») was 
administered to the test animals subcutaneously every day, at 
the same hour, in a solution of 1: 1000 concentration. When injec- 
tions were given every second or every third day, the results did 
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not seem as reliable. With injections given twice a day, on the 
other hand, necroses resulted at the points of injection. With 
increased adrenaline doses, the animals received adrenaline accord- 
ing to the following formula: 2, 4, 6, 10, 15, 20, 30, 40, 50 y per g, 
and each quantity was administered on three consecutive days. 
A large number, however, received 6 y per g at once as the initial 
dose. 

The test results are given in Table 1, and on their basis e.g. 
the following conclusions can be drawn: 














TABLE 1 
EFFECT OF REPEATED INCREASING ADRENALINE INJECTIONS ON THE MORTALITY 
iia Treated with repeated 
injections 
olga Mice Dead prom Mice Dead yreaieain 

2 490 1 1.4 

. 47 6 12.8 52 5 9.6 

6 402 182 45.4 485 177 36.5 
10 75 62 82.7 308 163 52.9 
15 29 20 100 
20 20 20 100 145 85 58.6 
30 60 48 80 
40 12 10 83.3 
50 4 3 _ 





























A comparison between the mortality among those mice that 
had received one adrenaline injection only and an equal number 
of those that had received repeated increasing adrenaline doses 
makes it obvious that the mortality percentage among the latter 
is considerably lower, and 100 per cent mortality is only achieved 
with a dose of approximately 50 y per g, whereas in the former 
group it is achieved with a dose representing approximately one 
third only of this quantity. 

That increasing the adrenaline dose is of great importance can 
best be ascertained from the following experiment: 

10 mice were given adrenaline, according to the above formula, 
in increasing doses, and 10 mice on the same days an initial dose 
of 2 y per g without any increase in dose. On attaining a dose of 
10 y per g, 6 of the former group and all of the latter group died. 

Investigations were also made to study the persistence of the 
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increased adrenaline tolerance. According to the formula given 
above, the test animals were given increasing doses of adrenaline 
up to a dose of 20 y per g, which quantity was, moreover, adminis- 
tered on three consecutive days. After this, the injections were 
suspended for 3 to 28 days, upon which the same dose of 20 y 
per g was given again, i.e. a dose which with normal mice results 
in a certain 100 per cent mortality. The test results are given in 
Table 2. 
TABLE 2 


PERSISTENCE OF INCREASED ADRENALINE TOLERANCE 
ADRENALINE IN INCREASING DOSES, THE LAST DOSE 20 y PER G, WHICH WAS 
REPEATED AT THE INTERVALS GIVEN BELOW 











Mortality after 
Adrenaline Injection] Renewed Adrenaline 
Injection (20 y per g) 
3 0/10 
6 4/10 
7 5/10 
12 8/10 
14 10/10 
28 10/10 














On the basis of the results it is obvious that the increasse in 
adrenaline tolerance produced by increasing adrenaline doses is 
temporary, and that it disappears in a fortnight or so. 


DISCUSSION 


Clinical experience and earlier investigation results have led 
to the assumption that repeated adrenaline doses increase adrenaline 
tolerance. However, some investigators have attained a result 
negative in this respect, and in clinical practice this point has 
been devoted no attention. As earlier investigations were carried 
out with small numbers of test animals, the present writers con- 
sidered it necessary to effect investigations with a large series. 
This was considered more necessary as a large part of the investi- 
gations were of fairly old date, some even having been carried out 
over 40 years ago. The test animals chosen were mice, which, 
feeding on a mixed diet, are closer in many respects in their physio- 
logical properties to man than e.g. several animals living on vege- 
table foods. A study of the test results shows that repeated in- 
creasing adrenaline injections increase the lethal adrenaline dose 
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even very considerably, and this increased resistance persists for 


at least a fortnight. Continued increasing of the adrenaline dose 
must be considered necessary to increased resistance. 

The investigation has taken no account of the factors to which 
this increased resistance is due. In the first place it seems to be 
possible, that the increased tolerance is due to the augmented 
adrenaline inactivation. However, it must be taken into consider- 
ation, too, that repeated adrenaline injections have often been found 
to cause atrophy of the adrenal medulla, hence probably reducing 
the organism’s own adrenaline formation. This may, to some extent 
at least, account for the increase in adrenaline resistance in question. 
The same is also indicated by the relatively quick disappearance of 
the said resistance once the adrenaline injections are discontinued, 
the factors reducing the activities of the adrenal medulla thus 
being absent. 


SUMMARY 


The writers have investigated the effect of repeated increasing 
adrenaline injections on adrenalin tolerance, in the first place on 
the lethal dose of adrenalin with mice. A total of 1256 animals 
were employed in the experiments, and e.g. the following con- 
clusions can be drawn from the test results: 

Administered daily, increasing adrenaline injections increase 
the lethal dose of adrenaline several times, A gradual increasing 
of the doses is an indispensable condition for this increase. In- 
creased adrenaline resistance disappears fairly quickly, lasting for 
approximately a fortnight, during which time it weakens evenly. 
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FROM THE KUMPULA STATE HOSPITAL FOR VENEREAL DISEASES, HELSINKI 


TERRAMYCIN IN THE TREATMENT OF GONORRHEA 
IN WOMEN 


By 


TAUNO PUTKONEN 


(Received for publication December 29, 1950) 


Since new antibiotics have become available, their therapeutic 
value has also been studied in gonorrhea. Streptomycin, aureo- 
mycin, and chloromycetin, or chloramphenicol, in addition to 
penicillin, have been found to have a curative effect on this disease. 
Terramycin, manufactured by Chas. Pfizer & Co., is the most 
recent of these drugs and most closely related to aureomycin. These 
two antibiotics obtained from Streptomyces species are easily 
soluble in water and their bacteriostatic spectri are very similar. 
In addition, the concentrations in which they affect different 
bacteria are approximately equal. 

The action of terramycin on the gonococcus has been studied to 
some extent. Hendricks and others (1) treated altogether 73 patients 
with this drug using various dosage schedules. As to results, a single 
dose of 0.75 g cured 16 of 29 patients (55.2 per cent), two 1.0 g 
doses with a six-hour interval cured all 15 patients thus treated, 
and two 0.5 g doses with a similar interval 8 of 10 patients. Dowling 
and others (2) obtained cures in 7 cases by administering this drug 
for four to five days. Perdrup (3) gave 5 patients four doses of 1.0 g 
every six hours, and all were cured. Schoch and Alexander (4) 
treated 26 patients with a single dose of 1.0g and after 24 hours 
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smears and cultures were negative in all cases except 3 in which 
gonococci were still found. These 3 patients were retreated with 
three doses of 0.5 g of terramycin. All 26 patients were symptom- 
free one week after treatment was started. 

Although, in the studies mentioned above, the criteria of cure 
differ and do not always seem to be strict enough, the results show 
clearly that terramycin is an efficient drug in gonorrhea. The case 
material mostly consisted of male outpatients. The results are there- 
fore not directly applicable to women. Some of the patients may 
have been reinfected as they were not usually hospitalized during 
the period of the studies. Therefore I here report a series from the 
Kumpula Hospital including only women treated and observed 
while in hospital. 

The total of female patients treated with terramycin numbered 
67; of these, 9 had gonorrheal urethritis, 17 cervicitis, and 41 both 
urethritis and cervicitis. Diagnosis was corrcborated in £8 cases 
by smears and cultures, and in 9 cases by smears or by cultures. 
The drug was administered as a single dose under the supervision 
of a registered nurse; 12 of the patients were given 0.5 g, and 55 a 
dose of 1.0 g. The patients, who — as stated — were all the time 
in hospital, were observed for two weeks. During this period of 
observation altogether four bacteriolcgic examinaticns were made 
in each case, i.e., 2, 4, 7, and 14 days after terramycin ad- 
ministration. The patients who had four negative cultures and 
smears were discharged from the hospital as cured. The results are 
collected in table 1. 


TABLE 1 


TREATMENT OF GONORRHEA IN WOMEN BY A SINGLE ORAL DOSE OF TERRAMYCIN 














Number of | Terramycin Cured 
Patients (g) Number Der Cont 
12 0.5 6 50 
55 1.0 45 82 




















The table shows that with a 1.0 g dose of terramycin the result 
was fairly good, with a cure rate of 82 per cent. This figure does not 
differ much from that reported by Schoch and Alexander with the 
same dosage in 26 patients: 23, or 88.4 per cent, were cured. 
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A comparison of the results of terramycin treatment with those 
previously obtained in the Kumpula Hospital with other antibiotic 
(5) in similar patients and with the same criteria of cure shows that 
terramycin was slightly inferior to penicillin and to streptomycin 
in therapeutic value. With procaine penicillin in oil administered 
as a single injection of 150,000 units, a cure rate of 95.6 per cent 
was obtained in a series of 68 female patients. With dihydrostrepto- 
mycin the cure rate was 97.1 per cent in 104 cases when the injected 
dose was 0.4 g. 

Aureomycin has not been under investigation at the Kumpula 
Hospital but Robinson (6) treated 70 gonorrhea patients with a 
single oral dose of 1.0 g of aureomycin, i.e. the same dose as my 
patients were given of terramycin. The cure rate in his series was 80 
per cent, or slightly lower than my cure rate with terramycin. 
However, caution is necessary in comparing the results because 
Robinson’s patients were men, while my series consisted of women. 
In addition, the criteria of cure differed. It is also possible that the 
failures in Robinson’s study included some reinfections: the patients 
were outpatients and 2 of the 14 failures admitted several sex 
contacts between the day of treatment and the post-treatment 
examination one week later. 

The results obtained with terramycin in the treatment of 
gonorrhea when administered as a single dose of 1.0 g can be im- 
proved by repeating the same dose after six hours, as demonstrated 
by Hendricks and others. This was avoided in my study in order 
that the results should be comparable with those obtained by single 
doses of other antibiotics. It is possible that better results can be 
obtained also by administering a single dose larger than 1.0 g. 

It should be added that terramycin produced no untoward side- 
effects. However, when administered for gonorrhea, it can mask a 
concurrently acquired syphilitic infection because it is also highly 
effective in syphilis. It seems that terramycin will not supersede 
parenteral penicillin in the treatment of gonorrhea, but it can 
compete with penicillin in those cases in which oral treatment is 
preferable. 


SUMMARY 


The writer has treated 67 female gonorrhea patients with a 
single dose of terramycin. The patients were kept at hospital 
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for two weeks following the treatment day. During this period of 
observation four bacteriological examinations were made. The 
criterion of cure was four negative smears and cultures. Six of 12 
patients were cured with a single dose of 0.5 g. When the dose was 
increased to 1.0 g cures were obtained in 45 cases of 55; the cure 
rate was thus 82 per cent. The writer recommends terramycin in 
those cases of gonorrhea in which oral treatment is preferable to the 
parenteral. 
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FROM THE PHARMACOLOGICAL LABORATORY, MEDICA LTD., HELSINKI 


NOTE ON THE GROWTH-PROMOTING INFLUENCE OF 
LIVER EXTRACTS ON LACTOBACILLUS LACTIS DORNER 


By 


GUSTAF OSTLING 


(Received for publication January 4, 1951) 


Prior to the isolation of vitamin B,, (19, 29), liver extracts 
constituted the only effective remedies against pernicious anemia. 
Their disadvantage is that sometimes, in parenteral administration, 
they lead to idiosyncrasy. Vitamin B,, causes no allergic complicat- 
ions, and, in contrast to folic acid, it also affects neurologic changes. 
It has therefore been considered to constitute the antipernicious 
principle in the liver. However, Jacobson and Bishop (9) found that 
vitamin By, alone or together with some accessory factors, has 
a poorer therapeutic effect in pernicious anemia than liver extract. 
Owren (16) reported recently that vitamin B,. has no beneficial 
effect on macrocytosis, and in co-operation with Laland he has 
isolated from liver a protein synthesis factor that has this effect. 

Hence, liver still seems to be a suitable basic material for the 
production of antianemic substances. We have employed the micro- 
biological testing method introduced by Shorb (26) with Lacto- 
bacillus lactis Dorner in our attempts to produce liver extracts 
containing as many antipernicious factors as possible. The present 
communication reports on the testing method and on the effect of 
a polyvalent liver extract on the growth of Lactobacillus lactis Dor- 
ner. 


METHODS 


The microbiological method has been worked out according to 
current principles (5, 30, 31). Lactobacillus lactis Dorner (A.T.C.C. 
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8,000) was employed as the assay organism. A stock culture was 
cultivated in 5 ml of skimmed milk, with 0.15 g of calcium car- 
bonate added, for 48 hours at 37° C and subsequently stored at 
4° C. Weekly transfers were employed. To achieve optimal condit- 
ions for growth and prevent disscciation of bacteria, a liver 
preparation (Heptomin »Medica») had to be added to the stock cult- 
ure equivalent to 0.1 g of liver. 


TABLE 1 
COMPOSITION OF ASSAY MEDIUM PER LITER 

Hydrolysed casein (1.42% N) 122 ml BER lo foo tas bias wayne witeeele 20 Ug 
EEAWASORE: Gin es ipiskis viswisieeie's 20 g POMC MIG. 6soe dd aes. 75 pg 
DOVREMINO, Gioia aw eiciem wise woo 188 mg Sodium acetate ........ 24 g 
Firyptopnane =... ws. else ces 188 mg Fumaric acid ......:.. 1 g 
Adenine sulphate ........ 10 mg Sodium ethyl! oxalacetate 1 g 
Guanine hydrochloride .... 10mg KH, PO, .............. 0.5 g 
ROMO sce Ge iaje elaine ee ois 0% LO GEM 5S | c: CARR ee 0.5 g 
PMR ss Sicko ies an.e.e 10mg Mg S0,.7 HO «os... 0.2 g 
Thiamine chloride ........ pang FeSO 7 AO 2.608% 10 mg 
RRUUUEWEEN! Goin cis ois Slee a rsaias cts Gig Mn SO, 4 HO 22... 10 mg 
PICOHMMIOCNAUE .okceseeee Ub.) UII, 0, GR aa ie a 10 mg 
Calcium pantothenate... Sang GWEN SO oc sccccwsaie 0.15 ml 
Pyridoxine hydrochloride .. 6 mg 


The composition of the assay medium is shown in Table 1. 
The tomato juice employed by Shorb (26) was substituted by 
fumaric acid and sodium ethyl oxalacetate (2). 

Before effecting the determinations a minimal incculum was 
transferred from the stock culture to 5 ml of assay medium and 
allowed to grow for 48 hours at 37° C. An inoculum of this culture 
was transferred into a new test tube containing 5 ml of assay 
medium and 0.5 myg of vitamin B,,. After 48 hours’ growth the 
bacteria were washed three times with physiolegical saline solution. 
The bacteria treated in this way and 5 ml of assay medium per 
test tube were employed in the experiments. Bacterial growth 


was determined turbidimetrically with a photoelectric colorimeter 


after 48 hours at 37° C. 


Lactobacillus lactis Dorner dissociates readily (19, 22, 27, 28). Depending 
on the composition of growth media, short and thick or long and narrow 
bacilli could be observed. We succeeded in obtaining serviceable assay 
results for a period of time with the thread-shaped variant but could not 
keep it constant in the long run, both increasing and decreasing »drifts» 
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being present. With the method described above the bacillus was a short 
gram-positive rod of the type described by Shaw (22). However, it grew in 
the assay medium without vitamin B,,. When, after autoclaving, the 
medium was saturated with oxygen (13, 14) from an oxygen bomb, »blanks» 
with insignificant growth were obtained. As pointed out before, autoclaving 
has a great and in many respects unexplained significance on the final 
composition of a growth medium (8, 21, 30). Of the two autoclaves available 
in our laboratory the larger only could be employed in the production of 
growth media, in spite of the sterilisations being effected in exactly the 


same way. 


RESULTS 


In determining the growth-promoting influence of liver extracts 
on Lactobacillus lactis Dorner, parallel experiments were always 
carried out with vitamin B,, (Cobione, Merck & Co., U.S.A.) for 
the control of both the bacterium and the growth medium. Two 
liver preparations on sale in Finland for parenteral administration 
possessed different contents of the active factors of Lactobacillus 
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Fig. 1. — Growth-response of Lactobacillus lactis Dorner to vitamin Bj. and 
liver extract. 
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lactis. However, they both had the same maximal growth-stimu- 
lating effect as vitamin B,,. The effects of the polyvalent liver 
extracts in this respect were very varying, depending on the method 
of manufacture. Fig. 1 shows a typical growth curve for a liver 
extract that gave greater maximal growth than vitamin B,. 
Interpretation of the curve must be that this extract contains one 
or several growth factors important to the bacterium, none of 
which are vitamin B,. or components of the commercial liver pre- 
parations examined. In preliminary chromatographic experiments 
(Dr. Wolmar Nyberg) four active factors were obtained from the 
extract. One of them migrated slowly and is possibly vitamin B,, 
(4, 33, 34, 36). 


DISCUSSION 


As pointed out in the introduction, some workers have obtained 
better results in treating pernicious anemia with liver preparations 
than with vitamin By. In 1937 Jacobson and Subbarow (10) 
emphasised that liver contains one primary and three accessory 
antianemic factors. Hausmann (7) has recently shown that extracts 
obtained from the liver fraction G of Cohn, lacking the antiper- 
nicious principle precipitable by ammonium sulphate, also exhibit 
optimal hemopoietic response in pernicious anemia. The poly- 
valency of liver is also obvious from the fact that commercial 
liver extracts contain very varying amounts of vitamin By» (3, 17, 
19, 20, 23, 24). In addition, it has been possible to demonstrate 
chromatographically in liver extracts (4, 33, 34) factors other than 
vitamin By active on lactobacilli. A number of desoxy-ribosides 
(12, 25, 35) and the animal protein factor (15) have the same 
effect. The list of related substances has been increased by the 
description of vitamins By, (11), By, (18), By, (1) and Byg (6). 
The relationship of vitamin B,,, folic acid, thymine, uracil, choline, 
and methionine in pernicious anemia and the megalocytosis as an 
abnormality in the metabolism of nucleoprotein has recently been 
discussed by Vilter et al. (32). Independently of them Owren (16) 
reported that he had isolated from liver a protein synthesis factor 
that affects megalocytosis. 

It is difficult to form an opinion yet of the significance of all 
these new factors. Many are stored in the liver, and are of impor- 
tance to the metabolism both of man and _ lactobacillus. The 
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increased maximal growth of Lactobacillus lactis Dorner with a poly- 
valent liver extract, reported here, supplies another example of 
the multiplicity of such factors. — As long as they cannot be isolated 
crude liver extracts retain their great importance in the treatment 


of pernicious anemia. 


SUMMARY 


Greater maximal growth of Lactobacillus lactis Dorner was 
attained with a polyvalent liver extract than with vitamin B,,. 
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